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Summary

Physicalhabitat characteristicsuch asstream width and depth, instream covemd substratecompositionare
important environmental factorshat shapel 2 ¢ | Q & fish spetBsisdeémblagesTherefore habitat dataare
often collected andusedto helpinterpret streamfish samplingresults TheFish Index of Biotic Integrity (FI&)

the primary toolusedby the lowa Department of Natural Resources (IDBtRYam biological assessment program
to assess fish assemblalgealth conditionandthe attainmentstatus ofdesignated aquatic life usegintil now,
however,the bioassessment progratackeda quantitative habitatindexthat wascorrelatedwith the FIBland
couldbe calculatedeasilyfrom habitat datagenerated bythe samplingorotocol.

To explore thegossibility ofa creating anew stream habitat indeya statisticalanalyss wasperformed using
bioassessmendamplingdata collectecbetween 1994 and 2011The dataset included 52Patched sets oFIBI
and physicasampling resultérom 311streamsitesacrosdowa. The data wereandomlysubdivided to create
calibrationandvalidation datases. Eachdatasetincluded sitesrepresentingeast disturbed reference conditions
and siteschosenfor variousother reasons such asprobabilistic (random¥amplingor impaired stream
investigation

Relationships between the FIBI astkty-two physical habitat metricazere examinedby correlationanalysis. The
metricsrepresentseveralcategories ohabitat bank conditioncanopy coverage (shade&hannel dimensions,
macrohabitat(bedform), instream cover, antlottom substratecomposition Among the categoriesubstrate
metricswere correlatedmost stronglywith the FIB] however,even thestrongestcorrelationsexplaired only
about 25%of the variation in FIBI scoreé\ new compositemetric, Percentage ofSuboptimalHabitat Metrics
(PctSubOpt)wasamong the moststronglycorrelatedmetrics To calculatdPctSubOptdatafor twenty-five
individualhabitat metricsare compared againstuboptimal thresholdshat wereidentified through graphical and
guantitative analysis

Multiple linear regression analysis was usediéwelopregressiorequationsthat serveas the basis for ¢eulating

the Gereral Fish Habitat Index (GFHI) and Bwrayion Fish Habitat Index (EFHI). The regression equations were
chosen for their ability to maximize thmount ofvariability in FIBI scorggedictedusingthe fewesthabitat

metrics. The&FHIncludesfive habitat metricsandcan be considered generalindex of fish habitat quality that
applies towadeable, warmwater streanthroughout lowa Itusesthe samegualitative categories and scoring
criteriaasthe FIBI (i.e.Poor, 025; Fair26-50, Good, 5470, Excellent, 71100).

TheEcoregion Fish Habitat Index (ERhRtt)Judessevenhabitat metricsand fourcategoricakcoregion variables
Ecoregions are defined by patterns in surficial geology, land use, hydrologyasditsther enwionmental factors
that shapethe biological, chemical, and physical characteristics of stredrhsinclusion of ecoregiorariablesin
regression modelgcreasedhe amount ofexplained variancen FIBI scores by an average of 13% over models
that did not contain them

Like the GFHI, thecoring range of th&FHIsalso0-100. Guidelinesfor interpreting the differenceof the
observed(sampled FIBI scorendthe EFH[predictedFIB) scoreare provided for the purpose of assessthg
likelihoodthat streamfactorsbesidesphysical habitate.g.,water quality) havesignificantlyimpacted (either
positively or negativelythe condition of thefish assemblagat a given site Theefficacy of theseguidelines
shouldbe further evaluaed usingrecent data collected after this study was completed.

Multiple linear regression analysigas conducted t@xamine relationshipsf habitat metricsand the FIBWithin
individualecoregiors. The resultgenerally agreed with thetatewide analysis results in thatibstrate metrics
were found to bethe bestoverallpredictors of FIBI scoreamong sites locateth the same ecoregionThe results
also didnot indicatethat development ofindividualecoregionspecific regression moékewould increas¢he
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accuracy ofIBlpredictiors overthat achievedby the EFHI model Data availabilitjor some of the ecoregions was
fairly limited, so itmightbe worthwhile torepeatthe analysisfter additional sampling dathecomeavailable.

Relationships betweestream flowcharacteristicshabitat conditions and the FIBWere also explored Three
readily-availableflow metricswere used in the analysisa) average current velocityb) discharggflow); c)
watershed areaflow ratio. Stream flowmetricswere correlatedmost stronglywith habitat metrics representing
channel dimensios and macrohabitaproportional abundancéi.e., %glide/pool, %riffle, %eun). Themetrics were
weakly correlated with FIBévels. Current velocity andischarge (Qjhresholdsbelow which optimal levels of the
FIBlare not likelyto occurwere identified Preliminary guidelines farvaluatingwhether fish and habitat data
were collected under unusually high or Iestream flowconditionshavebeensuggested

The quantitativandexesandinterpretative guidelines developed in this study sholld useful in specific
applications of the strearhioassessment progranirhese toolsnight alsobe useful for othermanagement
purposessuch asstream habiat improvementprioritization and goal settingFor theseother purposes it would
seem necessary toonsidera broader suite of assessmentlicatorssincelocalhabitat conditionsare known to be
hierarchicdly related toa hostof landscape and hydroffical characteristics and processes



StreamFish Habitat Assessment Inaliors

Table of Contents

SUIMMIGIY. ¢ttt ettt et e e e e e e te e s s b e ettt et e e e e e s 1 s e e e e ettt e e e e e e 4aaabb e b e e ae e et e e e e e e e e s e nnnrre e e e e eeee s 3
LI 1] (X0 0o o1 (=T | £ PP RPR 5
Ta oo 011 o] o I PRSPPI 6
131 o Lo £ PRSP RRRTTPPT 6
T T 0] o] (1o T o £0 =T [0TSR 6
D= e W O (oo g V4= (o] o H T ST PT PO UPTPPTTPPPPON 7
DALA ANBIYSIS. ... tee ettt e e e e e e R e e e e e R b e e e e e b b e e e e e e b e e e e e e nbr e e e e e nrnes 8.
RESUIS ANADISCUSSION. ... .eiiiiiiiiiiii ettt ettt e ettt e e s ettt et e e s aatb et e e e e s nbeeeeesansbeeeeessbaeeeaesannnneeas 11
][ =1 0] YA A 4 = 1123 PR 11
Final Regression Analysis and Habitat IndeX SelectiQn.............ccuiveiiiiiiiiie i 17
Ecoregion and Streamflow Relationshigigh Habitat..............cccooooi e 21
Habitat Indexes as Predictors of the BMIBL............uuiiiiiiiiiii e 27
100 o 11 ] T 1 RSP 29
LS (=] (=] Lo = SRS 30
Y o] o= g o [To = 31
Appendix 1. Habitat INdeXing SIte SCAIES.........ciiiiiiiiiie it e e s s e e e e e 31
Appendix 2. Example Site Photographs and Habitat Modeling ReSULLS.............cccccveiiiiiiiiniiiie e, 42
Appendix 3. Physical Habitat Metric Data Summary: Stream Ecoregion Reference Sit@®{BJ95........... 45



StreamFish Habitat Assessment Inaliors

Introduction

Streamphysicahabitat characteristics play keyrole in shapingdish speciesissemblagemL 2 g | Q& NA @S NA
streams (Heitke et al. 2006; Pierce et al., 2013; Rowe et ala2@0@dt et al. 2012; Wilton 2004)Within this

report, the termda K I 6 % (skdéxélusivelyin reference tathe physicalaspectsof streamhabitat such astream
bankcondition, channeldimension instream cover, andubstratecomposition In some studies, pysicechemical

water qualityparameters(e.g.,dissolved oxygen and water temperatQteavebeendescribedas habitat

parameters however, in this studthey were not included as such

The IDNR stream bmssessment samplingotocol (IDNR 2015hcludesstandardized methods farollecting
habitat datafrom a designatedstreamsampling reachTheraw habitatdata are entered into th&ioNetdatabase
where aseriesof summarymetricsare calculated. The habitat metrics aften usedto provide insight fothe
interpretation of Fish Index of Biotic Integrity (FIBBmpling resultsThe FIBI is a composite index comprised of
eleven individual metrics that eactuantify a different characteristic of the fish assemblage, sucthasiumber

of sensitive fish species or the proportional abundance of omnivorous fi$telDNR biologicalssessment
programuses the FIBdxtensivelyto monitor stream biologicatonditionandas a basis for determinirthe
support status oflesignated aquatic life uses.

The goal of this project wde create anew quantitativehabitatindexfrom data routinely collectedor stream
bioassessmenpurposes A habitat index thatis correlatedwith the FIBcouldbe usefulfor assessinghe degree

to whichstreamfish assemblagereflect habitat conditions More specifically,lie index coulde usedto evaluate
which if anyhabitat characteristics liihthe FIBI scorand attainment of designated aquatic life usesa given
segment ofstream Such a determination would be useful fappropriately assigning causes and sources of use
impairment and eblishingmeaningful streamestoration goals

Methods

Sampling Procedures

Fish and habitat sampling data used in the analysis were collected for the IDNR stream bioassessment project using

standardized procedures (IDNMR15. The habitat procedures were firdtmplementedin 1994 and havéargely
remained constansince then Themethod used to recorihstream coveobservations vasrevised in 2003 to
matchthe method used in thé&environmental Monitoring and Assessment Progi@&wAP) SEPAR007).
Because this change had a significant impact orgtientificationof instream coveparametersthe pre- and
post-changeinstreamhabitat datawere analyzedseparately

The IDNR habitat samplipgocedures weralevelopedto be usel inwadeable streamsThe protocoinvolves
collectinghabitatdataat ten crosssectional tansects in the designated sampling reagdditional measurements
and observations are recorded along a longitudinal transachingthe length of the samplingeach. The
followinggeneral types ohabitat parametersare measured or observedtream dimensions, bottom substrate
composition, instream cover, channel bedform features, bank condition, and riparian land use and vegetation.
seriesof habitat sumnary metrics representing the sampling reacha wholere calculated from théndividual
habitat measurementand observations.

Bioassessment fish assemblage sampieghodshave not changed significantly since 19%4sh are sampled
usingdirect curent (DC) electrofishing geaA singlebattery powered backpack shocker is used in small streams
of average width less thafifteen feet. In wide and shallow streams, two or three backpack shockers are operated

a4 A RS 0 dbtainhdedhiatdicBveragel G2 ¢ mol NBHS St SOUG NP T laigévmdéabledzy A i A &

streams that require more power outptid obtain a representative sample of fisfiheelectrofishingunit consists
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Block netsare set across the stream at the downstream and upstreaachboundaries to prevent large nidle
fish such as suckers (Catostomidae) from escapi@gampling areaBlock nets are not required in streams
where shallow riffles serve as barriers to fish movement. Fish sampling is accomplished proceeding from

downstream to upstreanm a single pssthrough the designated sampling reachll accessible types of fish
habitat such as pools, riffles, woody debris snags, and undercut banks are methaticalkgdn an effort to
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obtain a representative samplef fish Sunned fishare collected usigo k Mc ¢ YS&AKTRA Ll &G SNJ f | yRA

transferredinto plastic buckets or a live well fprocessingn-site. Fish arddentified, counted, andexamined for
external physical abnormalitidsefore beingreleasd back tothe stream. Juvenile fisltsmallerthan 25 mm in total
length are excluded frorthe sample Fish are identifiedo species whenever possiblé&Specimenthat cannot be
identified to species in the field are preserved in 10% formalin solatimhsubsequentlydentifiedin the
laboratoryusng magnification and published taxonomic ke¥®r quality control purposespucher specimens of
smaltbodied fish specieare collected ateach sample siteFish taxonomicgerts are periodicallysedto identify
and confirmspecimens of rare qoroblematic species A reference collection of lowa streamsties is maintained
as aresource for the IDNR stream biological assessment project.

Data Organization

Habitat andFIBI dataused in the analysiwere downloaded fromBioNet the internet portal for sampling data and
summary information collected using the protocols of the Stream Biological Monitoring and Assessment Program
The data werghenimported into Microsoft Accessvherethe habitat summary metriddatawere matchedwith
FIBImetric dataprior to performing statisticahnalysis.

Prior to the analysist was decidedhat only habitatdataand FIBtata collectedon the same date and frorhe
same sitevould beanalyzed in order toeduce thepotential influences of spatial ortemporalsampling variability
It wasreasonedhat fish and habitatlata collected on the same dateould more accurately portray relationships
between habitatmetrics and FIBI metrighan would datacollected on different dates oaveraged across multiple
sampling dates.The IDNR bioassessment procedure of compaindividual FIBtesultsto the applicable
biological assessment criterion (BIC) instead obmparisorusingaveraged FIBI resultgasan alditional
consideration

At the time the project was initiatedjuality verified data from 1994011 were available for model development
and calibration.Data selection criteria werappliedto limit the analysis tesampledatacollectedduring the July
15- October 1%hioassessment index peridtbm wadeable warmwater stream(svatershed area 1{¥00 square
miles). The number oflate-matched fish and habitat samples collected per site ranged ftgin Approximately
40% of the sites had two or more matxhsamples.

The selection criteria resulted in a master dataset consisting of 522 matched samples collected from 311 sites
(Figure 1) The master dataset was subdivided to create calibration and validation datasets. These datasets are
referredto@ G KBAGEE tOFLE AONI GAZ2Y | YR @I t AR least dsirbdtreférance S (i a
sites and survey sitahat are chosen for varioysurposes. A number was assigmraddomlyto each site using

the random number generator in Excéllhe sites were then sorted from lowest to highest number. The first 90%
of the sites were assigned to the-alte calibration dataset and the last 10% of the sites were assigned to the all
site validation dataset. The dalite calibration dataset incluetl 461matched samples from 280 siteand the al

site validation dataset included 61 matched samples from 31 sites.

(@]}
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4  Calibration (Reference Site) 4 Validation (Reference Site)
@ Calibration (Survey Site) & Validation (Survey Site)
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Ecoregions:
40(a) - Central Imegular Plains (Loess Flats and Till Plaing);, 47(a) - Wesern Com Belt Plains (Morthwest lowa Loess Plains);
47(b) - Western Corn Belt Plains (Des Moines Lobe); 47(c) - Western Corn Belt Plains {lowan Surface);
47(d) - Western Carn Belt Plains (Missouri Alluvial Plain; 47{e) - Western Com Belt Plains (Steeply Ralling Loess Prairies);
47(f) - Westem Corn Belt Plains (Rolling Loess Prairies), 47(m) - Western Gorn Belt Plains (WWestern Loess Hills)
52(b}) - Drftless Area (Paleozoic Plateau); 72(d) - Central Interior Lowdand (Upper Mississippi Alluvial Plain)

Figurel. Locations of reference sites and survey sites included in the habitat indesatiatitand validation data

sets.

The allsite calibration dataset was further subdivided into a reference site only calibration dataset to better
exploreFIBI and habitat relationships among sites representing stream habitats least disturbed by human
influences The reference calibratiotataset include®18 samples from 83 sites. To examine relationships
between instream covemetrics obtainedusing the currentmethodimplemented in 2003, the aflite calibration

datasetwas further subdivided to include ondampling data collected frol2003-2011.

Additional data from 24 sampling events in 2012 became available aftengbleratoryhabitat model analysis

was completed; these data were added to the validation datasetusedto evaluae the performance of
alternative habitat models

Data Analysis

Dataanalysiswasperformedin the statistical analysis software applicatioMinitab®Releasel6 (Minitab Inc.

2009)and Statistix®/ersion 1 (Analytical Software 1996jifty-one habitat summarymetrics storedin BioNetplus

ten additional metrics subsequently calculated in Excel (Tabledne included in the analysi©ne of the

calculatedmetrics, percentsuboptimalhabitat metrics (PctSubOpt) is@mpositehabitat metric that is described

in Results and Discussion
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Table 1.BioNet databasehabitat summarymetrics and spreadsheet calculated habitaétrics included irthe
exploratory data analysis. (* indicates significant linear relationship with FIBI; p<0.05)

Category BioNet Variable Abbrv. Category Spreadsheet calculated variables Abbrv.
Bank % Horizontal (0-15 degrees) bnkahz% Composite  Percent suboptimum habitat variables pctsubopt *
Bank % Moderate (20-50 degrees) bnkamd%  Dimension  Transect depth coefficient of variation dpthcv
Bank % Undercut (115-180 degrees) bnkauc% Dimension  Transect depth + std.dev. dpthsum
Bank % Vertical (55-110 degrees) bnkavr% Dimension  Stream Width coefficient of variation strwdtcv
Bank Streambank - Average Percent Bare bnkbare% * Dimension Thalweg depth coefficient of variation thwgdpecv *
Canopy/Shade Average Percent of Channel Shaded chshdav% Dimension Thalweg depth + std.dev. thwgdpsm *
Canopy/Shade Transect Minimum Percent of Channel Shaded chshdmn%* Macrohabitat Maximum macrohabitat type proportion  rchmxhb% *
Canopy/Shade Transect Maximum Percent of Channel Shaded chshdmx% Substrate Clay+Silt+Sand subfines% *
Canopy/Shade Standard Deviation - Percent of Channel Shaded chshdsd% * Substrate Cbbl+Bldr sublgrk% *
Dimension Transect Depth - Average dpthav Substrate GrvI+Cbbl+Bldr subrock% *
Dimension Transect Depth - Standard Deviation dpthsd Substrate Maximum substrate type proportion substrmx%*
Dimension Maximum Depth maxdep *

Dimension Stream Width - Average strwdtav =~ *

Dimension Stream Width - Standard Deviation strwdtsd  *

Dimension Thalweg Depth - Average thwgdpav *

Dimension Thalweg Depth - Standard Deviation thwgdpsd  *

Dimension Thalweg Depth : Stream Width Ratio thwgwdr

Instream CoverArtificial Structure - Average Percent cvrartf%

Instream CoverBoulders - Average Percent cvrbldr%e  *

Instream CoverTotal Proportional Areal Cover - IDNR Method cvrdnr%

Instream CoverDepth/Pool - Average Percent - IDNR Method cvrdpl%

Instream CoverTotal Proportional Areal Cover - EPA Method cvrepa% *

Instream CoverFilamentous Algae - Average Percent cvrfima%

Instream CoverlLarge Features Areal Cover - IDNR Method cvrlgdn%

Instream CoverlLarge Features Areal Cover - EPA Method cvrlgep%

Instream CoverMacrophytes - Average Percent cvrmacr%

Instream CoverNatural Concealment Features cvrnatri% *

Instream CoverOverhanging Vegetation - Average Percent cvrovhg%

Instream CoverSmall Brush - Average Percent cvrsbrsh%

Instream CoverTrees/Roots - Average Percent cvrtrrt%

Instream CoverUndercut Banks - Average Percent cvrucbk%

Instream CoverWoody Debris - Average Percent cvrwdbrs%

Instream Coverinstream Cover - (Legacy) - Average Percent lgcycvr%

Instream CoverLarge Woody Debris - (Legacy) - Average Percent Occurrence Irgwdy%

Macrohabitat Pool rchpool%

Macrohabitat  Riffle rchrffl%e  *

Macrohabitat Run rchrun%

Substrate Coarse Rock Embededness - Average embdrtg

Substrate Reach - Percent Soft Sediment sfsdtwg%

Substrate Bedrock subbdrk%

Substrate Boulder subbldrde  *

Substrate Cobble subcbbl% *

Substrate Clay subclay% *

Substrate Detritus/Muck subdemu%

Substrate Gravel subgrvi%  *

Substrate Other subothr%

Substrate Rip-Rap subrrap%

Substrate Sand subsand% *

Substrate Silt subsilt%e  *

Substrate Soil subsoil%

Substrate Wood subwood%

Exploratorydataanalysisvas conducted in whictelationshps between physical habitat metrics and the Fish
Index of Biotic Integrity (FIBNere visuallyexamined Bivariate scatter plotsomprised of habitatvariableon
the xaxis and the FIBI or a component mes@oreon the yaxiswere prepared aneéxamired for relationship
patterns Particular attention was paid to whetharlinear relationship patterwas evident orwhethersome
other type ofpattern or trendwasvisually apparentFor example, Cade and Noun (2003) have desctired
occurrence oflinear trendformed by theupper edge of the plded data(e.g., 986 percentile) apotentially
representing thdimiting effect of arindependentvariable (e.g.habitat metricvalue)over adependentvariable

(e.g.,FIBlIscore)
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Correlation analysisvasperformed on alcombinations of habitat metrics arttie FIBI. In addition to the Pearson
(parametric) correlation method, thE8pearman (nonparametric) rank correlation method was usethuse rost
of the habitat metricsdid not display a normasymmetical distribution Manyof the habitat metricsare
expressed aa percentage andhavetruncated distributions at @or 100% Additionally, the data distribution of
several metricavasskewed in a positive directiorA gjuare root transformation was pesfmed, andfor many
metrics thetransformeddatawascloser tobeingnormaly distributed. Habitat metricgtransformed or non
transformed)that weresignificanty correlated (p <0.05)with the FIBlare noted in Table 1.

Stepwise maltiple linear regresion analysis wassedto identify combinatiors of habitat metricsthat explained
significant amounts ofariability in FIBI scoreand toevaluatewhether or notregressiormodeling was a viable
approach for creating new habitat index.Sepwise (brward and backwargregressiorinvolves building
alternative regression models lagldngor subtractngvariablesn succession according pwe-specified criteria
to determine thespecific combinations of habitat metrics that are best able to prefliBi levelgfficiently using
the fewest variables

Heven habitat sampling events from 1994 had to be excluded from the stepwise regressiosisdnetyauselata
for several habitat metricavas unavailable Stepwise regression analysis was condudtelb modeling runs
determined bycombinations othe following dichotomous data inclusion criteria

Monitoring period (1998011 or 20032011)

Sample site type (all types or reference sites only)
Ecoregion effect (included or excluded)
Percentsuboptimalhabitat variable (included or excluded)

rPoObdPE

Stepwise regression & effective analysis method of maximizing model predictive streagthefficiency The
regressioralgorithmsequentiallybuilds increasingly more powerful modddg adding osubltracting predictor
variablesaccording to specified variable selection criterkor the initial exploratory regression analyss

significance levedf <0.10 was required for a predictor variable to enter the model and to be retained in the model
with the addition of successive variableTre significance level criterion is heeddexcludevariables which have

low predictive poweand do not contributesignificantly to the overall strength of the modéDnly variables for

which there isareasonably high certainty (i.e., > 90%) that the predictor variable explains a significant amount of
variation in the FIBI are retained in the model.

The regressioanalysioutput liststhe total amount ofvariability in FIBI scores explaineddach alternative
model (2) as well as the totadjusted for the number of predictor variables in the modz&ij(Jstedrz). The output
also lists theMallows Cpstatistic which isan indicator of model precision arglthe standard deviation of the
error term in the model. Stepwise regression analysis often produces sesasanablenodelalternatives.
Generally, the preferred model will maximiZeand adjustedz, while minimizing Mallow€pands. Factors such
as signal duplicity, eocorrelation, and other practical consideratiosisouldalsobe weighed inthe model selection
process For example, the percentage of fine substrgtday, silt, sands highly (invesely) correlated with the
percentage of coarse substrat@gavel, cobble, boulder)Bothmetrics represent the relative dominance of fine
and coarse substrates at a sampling location. The fish assemblage responsentebath is similar since both
describe the same condition from opposite perspectives (i.e., high levels of fine sediments usually correspond with
low levels of course substrates awitgeversa). Therefore thmetrics are duplicative and including both in the
regression model imefficient.

Output from each of the 16 modeling runs was examinsihg a variety of techniques to evaluate model

performance and fitnessModel performance was evaluateding the approach described abovéinal model

selection was done usingsignifi@ance level of < 0.05 to incluamly thevariables thatvere most likely to

contribute significantly to model strengtit KS a6 S&aiGé Y2RSt gadiastedrivlluedasds Ay o KA OK
close to the maximum level and the model was comprised of onlyhlaganeeting the significance level criterion.

Model fitness was furtheevaluated byexaminingthe regression residuats see if they weraormally distributed

andhow the residualsvere distributedin relation to fitted and observed FIBI values. &tk inflation statistics

10
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were obtained and evaluatefor collinearity in model variables. The data subsetting lack of fit telgtimitab was
used to examine for significant curvature in linear regression models of interest.

Results and Discussion

Exploratory Analysis

The initial visuaéxamination of relationship patterns and subsequent correlation analysis revetdastically
significant, yetelatively wealinear relationships betweereveralhabitat metrics and the FIBI (e.g., Fig@e A
linearrelationshippattern with the FIBWwas not observedor most of the habitat metrics.nktead,more subtle
patternswere observed involvinthe lowerand/or upper ranges of severhhbitat metrics. Formanyhabitat

metrics, there appeared to be laroad (suitable)rangein levelsin whichFIBllevelsNJ (i S R

observed and othe¢suboptimal)R I G |

NEIA2Y A

I & waré EOSt f Sy (i¢
B GthhEs warsriotGobri¢d.gS Fiduke 3)

S$=15.7416

FIBI = 33.3826 + 0.384215 subrock%

R-Sq=243%

R-Sq(adj) = 24.1 %

90 —
80 —
70 —

60 — ",

FIBI

5o | e
40 — o
30 —

20 — &=

Regression

95% Cl
95% PI

subrock%

Figure2. Leastsquare inear regression of total rock sulbate (%ogravel+%cobble+%bouldand Fish Index of
Biotic Integrity FIB). All site calibration dataset (192011).

A new composite habitat metric, percent suboptimal habitat metrprggubop}, was created to explore the
usefulness of the apparent tipatterns and thresholds. Each of the habitat metrics was examined graphically
and the range of habitat metric data associated with the occurrence of FIBI scores > 71 (excellent) was identified
(Figure 3) The data region(s) outside of the suitable3a®
represented by at least 5% of the data poin&uboptimathresholds for twentyfive habitat metrics were

determined in this manner (Table 2).

gFa&d RSTAYSR ' da Gadzo2LIAYI ¢

Once the suitable and suboptimal ranges were obtained, habitat data from each sampling visit represented in the
calibration dataset were compared to applicable thresholds. A value of one was assigned when the value fell
outside of the suitable range (saptimal) and zero if the value was in the suitable range. The assigned values
were then summed and divided by the total number of metrics to obtain the percentage of habitat metrics rated
as suboptimal. Pctsubopt ranged from 0%%% with an average ofl16% among the 522 cases included in the

calibration and validation datasets.
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Tabe 2. Individual labitat metrics includedn the composite metricpercentage osuboptimalhabitat metrics
(PctSubOpt andthe corresponding habitat ranges suitable fachievingdexcellent FIBI scores.

Category Description Abbrv.  Suitable Rang
Bank % Horizontal (0-15 degrees) bnkahz% <=65
Bank % Moderate (20-50 degrees) bnkamd% >=20
Bank % Vertical (55-110 degrees) bnkavr% <=40
Bank Streambank - Average Percent Bare bnkbare% 17.5-93.5

Canopy/ShadeAverage Percent of Channel Shaded chshdav%  8.8-88.9
Canopy/ShadeStandard Deviation - Percent of Channel Shacdechshdsd% >=10.4

Dimension Transect Depth - Average dpthav <=1.4

Dimension Transect Depth - Standard Deviation dpthcv >=0.46

Dimension Maximum Depth maxdep >=1.65

Dimension Stream Width - Average strwdtav >=13.7

Dimension Stream Width - Standard Deviation strwdtsd >=3.41

Dimension Thalweg Depth - Average thwgdpav >=0.56

Dimension Thalweg Depth : Stream Width Ratio thwgwdr 10.4-54.0

Instream CovelDepth/Pool - Average Percent - IDNR Method cvrdpl% <=20.25
Instream CovefTotal Proportional Areal Cover - EPA Method cvrepa% >=13.5
Instream CovelOverhanging Vegetation - Average Percent cvrovhg% <=10.5

Instream CoveiWoody Debris - Average Percent cvrwdbrs%  <=13.5
Macrohabitat Maximum macrohabitat type proportion rchmxhb% <89.3
Macrohabitat Pool rchpool% 5.4-83.9

Substrate  Coarse Rock Embededness - Average embdrtg <=3.33
Substrate  Clay subclay% <=16
Substrate  Clay+Silt+Sand subfines% <=84
Substrate  Grvl+Chbbl+BIdr subrock% >=12
Substrate  Silt subsilt% <=38
Substrate  Maximum substrate type proportion substrmx <=82
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Simpleinear regressiomnalysis results shothat the pctsuboptcomposite habitat metric explaine@1% of the
variation in FIBI scores (Figure Zhis was the highedevel of variabilityexplained by a habitat metrigesidesthe
percent rock substratenetric (24%) Based orthis finding it was decidedhat pctsuboptwasa potentially useful
predictor variableand should be includenh the stepwisemultiple regression analysis.

Fitted Line Plot
FIBl = 52.97 - 0.6944 PctSubOpt

90d e s 15.8182
R-Sq 21.6%
R-Sq(ad))  21.4%

80+

704
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50

RABI

40
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PctSubOpt

Figured. Leastsquare linear regression of percentagesaboptimalhabitat metrics (PctSubOpt) versus Fish IBI.
All site calibratiorand validationdataset (19942011).

Table 3 contains a summary of the preferred models selected from the 16 regressilysigunsthat were
described earlier The model®xplained a substantigroportion of the variation in FIBI scor¢34.8%4¢57.9%).
A total of 23habitat metricsand six ecoregion variables were included in at leastregeessiormodel. The
number of variablegncludedin any individuaimodel ranged fronb-15.

The number ohabitat metrics chosen by category walsottom substrate (8netrics), channel dimension (4),
canopy/shade (3), streambank (3), instream cover (2), macrohabitat (2), and composite haiiat(1). Smilar
results were reported by Rowe et al. (2009ath respect to theprominenceof substrate metrics. Ithat study of
habitat and fish assemblage relationships in lowa wadeable streams, 40%tofaheumber ofhabitat metrics
included in regression models were substrate metrics compared with(85#@3)in this study.

Among individual metricshe percentage rock substrate (subrockeitric was included in 100% of the models.
Other habitatmetrics that were included in the majority of modeigre: strwdtav (88%), cvrdpl% (75%),
chshdsd% (69%And subclay% (56%gee Table 1 for abbreviations

Among the categorical ecoregion variables, ecoredifowasselectedin 100% of thepreferred modelsthat
includedecoregion variablem the stepwise regression analysiEcoregions 47(b) and 47(égre also included in
the majority of preferred models (75% and 63%, respectively).

Thepreferred models from thd 6 regression analysis rudisplayed differences in predictive abilégindicated

by the amount of FIBI variation explained the variots regressiommodelsand the variables included in them
The largest differencis attributableto whether ecoregion variables were included in the model. Among the eight
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models that included ecoregion variables, the medi@ncentageof FIBI variation xplained was 52.1%, compared
with a median 0f39.2% among modelacludinghabitat metricsonly. The KruskalNallisnonparametric analysis
of variance tes{KWAOVYonfirmed that models including ecoregion variables explained a significantly greater
amouwnt of variation in FIBI levels than models including habritatrics only (p=0.001).

Table 3.Data included in each of Kepwisemultiple linearregression analysisins % FIBI variation explained
and habitat metrics ee Table for abbrev) included ineachpreferredregressiormodel

No. Case{ Total No. Ecoregior| Preferred Model,No. Model
Model (n) Vrbs. Data Pctsubopt? Varbs? | % FIBI Variancel Varbs. |Variables

1 206 56 Clbr '03-'11, N N 38.2 5 subrock%, strwdtav, rchrffl%, subcbbl%, subclay%

2 206 63 Clbr '03-'11, N Y 50.5 8 subrock%, e47c, e47e, e40a, strwdtav, subsoil%, cvrdpl%, rchrffl%

3 206 57 Clbr '03-'11, Y N 41.1 6 subrock%, strwdtav, rchrffl%, pctsubopt, bnkbare%, sublgrk%

4 206 64 Clbr '03-'11, Y Y 50.5 8 subrock%, e47c, e47e, e40a, strwdtav, subsoil%, cvrdpl%, rchrffl%
subrock%, subclay%, strwdtav, chshdsd%, bnkbare%, bnkahz%, thwgw|

5 450 40 Clbr '95-'11, N N 34.8 8 thwgdpav
subrock%, e47c, e52b, e47b, strwdtav, e47f, bnkavr%, bnkbare%, subsi

6 450 47 Clbr '95-'11 N Y 50.9 15 bnkahz%, chshdsd%, chshdmx%, chshdav%, thwgwdr, thwgdpav

7 450 41 Clbr '95-'11, Y N 36.2 6 subrock%, subclay%, pctsubopt, bnkbare%, strwdtav, chshdsd%
subrock%, e47c, pctsubopt, e52b, bnkbare%, e47e, strwdtav, e47b, bnk

8 450 48 Clbr '95-'11, Y Y 50.3 10 rchrun%

9 97 57 Ref '03-'11 N N 44.2 7 subrock%, subclay%, cvrtrrt%, cvrdpl%, strwdtav, subcbbl%, chshdsd%

10 97 64 Ref '03-'11 N Y 57.9 8 subrock%, e47c, e47b, e52b, cvrdpl%, subclay%, e47f, chshdsd%

11 97 58 Ref '03-'11 Y N 44.2 7 subrock%, subclay%, cvrtrrt%, cvrdpl%, strwdtav, subcbbl%, chshdsd%

12 97 65 Ref '03-'11 Y Y 57.9 8 subrock%, e47c, e47b, e52b, cvrdpl%, subclay%, e47f, chshdsd%

13 209 40 Ref '95-'11 N N 39.2 6 subrock%, chshdsd%, subclay%, dpthav, subbdrk%, strwdtav
subrock%, e47c, e47b, chshdsd%, e47e, dpthav, strwdtav, subrrap%,

14 209 47 Ref '95-'11 N Y 53.3 11 subbdrk%, bnkbare%, bnkavr%

15 209 41 Ref '95-'11 Y N 39.2 6 subrock%, chshdsd%, subclay%, dpthav, subbdrk%, strwdtav
subrock%, e47c, e47b, chshdsd%, e47e, dpthav, strwdtav, subrrap%,

16 209 48 Ref '95-'11 Y Y 53.3 11 subbdrk%, bnkbare%, bnkavr%

Besides ecoregion, no clear differences were observed in model performdrmae was a tendency fogference
datasetregression models to rank higherktBlvariance explained compared withe allsite calibration dataset
models; however the overall ranking was not statistically significanty®&Wp=0.14).

Habitat models developed usitige entiredataset (i.e., 19952011) were fairl)comparable in performanc®
models developed usingnly the more recent data from 2002011. As indicated earlier, the main difference
betweenthe more recent data from earlier data is methods fostream habitat evaluation. Instream habitat
metrics were notstrongpredictor variables irmny of thel6 preferred nodels. Overall, justwo of fifteen current
instream covemetrics werechosen for a model The percentagastream cover adeep pools (cvrdpl%) was the
most frequentlyselectedmetric, with 75% of the models including iThis metric only explaired approximatelyl-
3% of the total variance in FIBI scord@he overall contribution of individual instream cover metrics was
considered marginal and not worth restrictitige data used to develop @ew habitatindexto onlythose data
collected after 20@. The main advantage in using teatire 19952011 datasets that indexresultsgoing forward
will be comparable tandexresultsfor the entire habitat sampling period of record dating back to 1995

The synthetic habitametric, pctsubopt, was selected three of the sixteerexploratorymodels. Overall it had a
relatively smalpositive impact, and it was decided to allow timetric to remain in thepool of metricsused infinal
model development.Pctsuboptis theincorporates thresholds for up to 25 habitatetrics (see Tablg) including
four of the current instream habitanetrics. Because thmetricis enumerated as a percentage of the total
number of habitatmetrics evaluated, it is compatible with habitat data collectadll sampling years.

Based on the initiatonsiderationsliscussed aboveofir regression modelaere selected forfurther examination

1 Allsite calibration data (1992011), habitaimetricsonly(Table 3, #7)
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1 Allsite calibration data (1992011), abitat metricsand ecoregion variables (Table 3, #8)
1 Reference site calibration data (192511), habitaimetrics only(Table 3, #15)
1 Reference site calibration data (192911), habitaimetricsand ecoregion variables (Table 3, #16)

Regression modeling resufiwr calibration and validation datasetgere graphedto assist in evaluating the four
models(Figuresba-d). Therespectiveregressiormodelequations were applied to the calibration and validation
datasets and the resultingnodel-fitted (predicted) FIBI scoragere plottedon the xaxisagainstthe observed
(sampled) FIBI scores on thayis. While the alisite calibration and the reference calibratioegressiormodels
performed similarlythe correspondence between the aiite calibration and validation dataset regression results
was better than the correspondence sultsfrom the reference calibration and nereference validation
datasets.

For the habitat only model@-igure 5&b), the regressiofitted lines forall-site calibration data(Figure5a) and the
reference sitecalibration data(Figure5b) indicateal overall good correspondence pfedicted andobserved FIBI
scores.Bothlineshavea yinterceptvaluethat isvery close to zero and a slope coefficienapproximately one
indicatingvery little bias in the regression modelsWhile the amount of variation in FIBI scores explained by the
regression modeleassimilar for the two calibration datasets (37%;gite; 40%, reference onlyfhe amountof
expainedFIBlvariationwithin the all-site validationdataset (32%fFigure 5ayvasgreater thanthe explained
variationof the nonreference site validation dataset (12%)gure 5hb)

Furthermore the allsite calibration and validation datasets appéarcorrespond more closely with each other in
terms of regression model slope coefficient and interc@pgure 5afompared with therespectivesliope
coefficient and interceptdor the reference site calibration andon-referencevalidation dataset¢Figire 5b). The
reference calibration model when applied to the neference validation dataset tends to undestimateFIBI
score when observeHIBIscoresare below 30 and oveestimatethe scorewhen observedcoresare above 30.
The alisite calibratimn model does a better overall job pfedictingthe observed FIBI, with a slight tendency to
over-estimatethe scoreup to about a score of 50.

Generally similar patternand results vere observed for thénabitat/ ecoregion models (Figures-8§. The
amount of FIBI score variation explained in #esite validation datase{46%)Figure 5cyvasgreater than the
FIBI variation in thaon-referencevalidation dataset (34%igure 5d) Likewise correspondence of slope and
intercepts for the calibration and validation datasetere more similar for the alkite model comparedb results
for the reference site modelyhich again Bowed a greater tendency to ovesstimate FIBI scores the non-
referencevalidation dataset.

The compaative analysis showed that models developed using thsitdldata performed slightly better than the
reference site only calibration models with respect to predicting FIBI levéige itorrespondingralidation dataset.
Refeence sites are selected to represdrdbitat and water quality characteristics that deastimpacted by
anthropogenic disturbanced-or example,tseam segmentghat are actively maintained as drainage digshlack
riparian bufferstrips,or actively managed fdivestock grazing are not affordednsiderationasreference sites.

Given theselectionbias toward least disturbed condition# might be understandabléhat ahabitat indexthat is
developed andalibratedfrom only reference site habitat data would not necessarily offer as much accuracy when
applied to abroader crosssection of streantonditions including moderatg or severely impacted habitat and/or
water quality conditions
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Figure5. Leastsquarelinearregression of observed arthbitat modetpredicted FIBI score. Results derived from
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(a) Al-site habitat model; (b) Reference sitebitat mode] (c) Alsite habitat + ecoregion model; (d)
Reference site habitat + ecoregion moddBlug diamonds represent calibration site data used to develop
model; Red squares represent validation site data.
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Final Regression Analysis and Habitat Index Selection

For the reasons explained abovhetaltsite calibration datasevas chosen to besedin the final regression
analysisnstead of the reference site only datasetatB from sampling years 199911, including thenew
compositehabitat metric, pctsubopt were analyzed usingtepwiselinearregression. Apreviously notegdseveral
habitat metrics showeda positivedata skew therefore,square root transformatiorwas performed on certain
metricswhen itwas showrthis would increasethe explained variation ifFIBl score

Prior toconducting thefinal analysisit was decided thatwo habitat modelswvould be developed a general
habitat modeland an ecoregioradjustedhabitat model(described below) The generalmodelwould be based on
habitat metrics alone andiould have statewide applicabilityhus allowing habitat conditiorsmong sampling
sites throughout the statéo be comparedn the same scale

By includindooth ecoregion variables andabitat metrics the second modelould providebetter predictions of
the expected FIBI scoggventhe ecoregion location and habitat characteristifsa sampling site Such a model
would be useful for completingiological assessments to be includedhie Clean Water Act Section 303(d) and
Section305(b)Integrated Report.For example i cases where a streasite fails toachievethe FIBI ecoregion
based referenceriterion, the ecoregioradjustedhabitat modelwould be useful for evaluatinthe likelihoodthat
the stream fish assemblage is impaired due to habitaitations or whetherthe cause of impairment might
include other stressors, such as degraded water quality conditi®his distinction isan important one with
respect to the develoment of the Section 303(d) list of impaired watarsd development of plans to restore
aquatic life uses to full attainment

1) GeneralFish Habitat Index

TheGeneral Fisiabitat IndeXGFH)includes five habitaimetrics (see Table )lin the regressiorequation
used to estimatd-ish Index of Biotic Integrity (FIBI) score

DO QR PPITT QT W WOI O VOHOPC 0O O T LA QAR Q
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Theamountof FIBI score variation explained by tB&HlWwas 39% for the combined calibration and validation
data sets (Figure).

Thehabitatrating categoriesor the GFHI follow those already established for the FIBI and are meant to serve
asgeneral guideling based on the average expectation of the FIBI score at the statewide Bhaks.the
maximum GFHpredicted FIBI score in the dataset used to calibrate and validate the index was 71 and the
minimum was 12.

GFHI HabitatRating
<25 Poor
26-50 Fair
51-70 Good
>71 Excellent
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Figure6. Results ofdastsquare regression dhe General Fish Habitat Ind¢sFHI) and observdeBI score

plotted in relation to proposed qualitative habitat rating boundariéesultsepresent calibration and
validationdata 19952012.

2) Ecoregioal FisrHabitat Index

TheEcoregioal FishHabitat IndexEFHJincludes seven habitahetrics and four ecoregion variabl@sthe
regression equatiomsed to estimatd=ish Index of Biotic Integrity (FIBI) score:
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Theamountof FIBI variatiorexplained by theEFHIwas 52%or the combined calibration and validation data
sets (Figurd). The amount of FIBI variation explained by the EFHI is similar tantbeint explained by Rowe

et al. (2009a) in research of relationshipsween physical habitat and wadeable stream fish assemblages in
lowa. In this study of randomly selected stream sites across lowa, 50% of the variability in FIBI scores was
explained by four habitat metrics: percent large rock substrate, mean residuahstreach width, percent

fine gravel substrate, and mean channel incision height.

Stream physical habitat data analyzed by Rowe et al. (2009a) was collected according to the USEPA (2007)
sampling procedures for the National River and Stream Assessrbigt.protocol is more labor intensive than

the IDNR physical habitat sampling protocol, and it generates additional riparian and instream habitat metrics
not calculated in this study. Two of the metrics, mean residual stream width and mean channehiheight

were not available for use in this study.
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Figure7. Leastsquarelinearregression othe Ecoregionl FishHabitat IndeXEFH)and observed-IBI score
Results represent calibration and validation data 12932,

Bioassessment interpration of the EFHI

The differenceof the observed(sampled)FIBI scoréO)andthe EFHipredicted FIBscore(P)is a potentially useful
diagnostic indicatofor bioassessment purpose$-or examplea scenarioin whichd h € maikedly lower tharéi t €
suggestghat habitat is not likely the limiting environmental factor causthg fish assemblage not match the
predictedFIBI level determined by ecoregion location armdbitat characteristics There is a greatdikelihoodthat
other factors (e.g.water quality)contributeto the stream sitdailingto attain the expected FIBI level.
Alternatively i KS & O Sy I NRigmakketlly Gighdr h&a t GEh £ dz3 I&er quality arid/oripther
environmental characteristics are favorataiadallowthe observed FIBévelli 2outgoerformé the predictedlevel

Guidelinedor interpreting differences inthe observed and predicted FIBI levelere developed using atatistical
approachthat issimilar to the onealready establishedybthe stream bioassessment prograror example,tie
25" percentile ofFIBI scores for least disturbed reference sitea given ecoregiois used as ghresholdfor
determination of attainment status of designated aquatic life udes apply to other streams in the same
ecoregion FIBllevelsfallingbelow the 28" percentile threshold ar@ot consideredo be consistent with the
reference biological expectaticemd serve as evidence of aquatic life use impairment

Asimilar @nceptual approachvas taken to develop @ interpretation guidelines (Table.1pP values were
obtained by subtractinghe EFHimodeled FIBI scor@)from the observed (sampled) FIBI sc¢@ for all sites
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listed in Appendix 1. Statistical percensi(@0% 254 734 90%) for O-P were then obtained using data from only

the reference sites (site status = \WREF).

Table 4containssuggestedjuidelines for interpreting the @ statistic In generalwhen there is a large difference
(negative or positie) in the observed and predicted FIBI scores it is more likelythat environmental factors
besides oin addition tophysical habitatreinfluencing the @GP outcome A cursory review of the data collected
from streams known to experience either gbor poor water quality conditions has suggested that the guidelines
will be useful for the intended purpose; however, additiodal NB dzy R oiithebipiidélne&iSidgdata from

Stressor Identification studgeorother streaminvestigationsvould bebeneficial

Table 4 Suggestedygjdelines for interpretingdbserved FIBI scoréO)¢ (P),EFHPredictedFIBIscore.
O-Ppercentilerangeswere obtainedfrom the 1995201 1reference sitelataset.

Reference
FIBI O-P Percentile Interpretation
Adverse water quality and/or other environmental factors besides physig
<(-12) <10 habitat are very likely to contribute to the predicted FIBI score exceeding
observed FIBI score.
Adverse water quality and/or other environmental factors besides physig
(-12) - (-6) 10- 24 habitat are somewhat likely to contribute to the predicted FIBI score
exceeding the observed FIBI score.
(5)-8 25 - 75 The observed FIBI score is roughly equivalent to the predicted FIBI scof
within expectations based on physical habitat characteristics and ecore(
Favorable water quality and/or other environmental factors besides phys
9-18 76 - 90 habitat are somewhat likely to contribute to the observed FIBI score
exceeding the predicted FIBI score.
Favorable water quality and/or other environmental factors besides phys
> 18 >90 habitat are very likely to contribute to the observed FIBI score exceedin
predicted FIBI score.

Figure8 shows a plot of observe@ampled)and predicted (modeled}IBI scores fror634 matched fish and

habitat stream bioassessmestampling eventin relation to reference site @ percentiledboundaries Using the
interpretive guidelines inTable 4 data points falling between the $rand 78" percentilelinesrepresentcases
wherethe fish assemblage condition reasonablgselymatches theexpectedcondition based osampling site
habitat characteristics

Data points plotted above the #5and 90" percentilelinesrepresentcasesvhereit is somewhatikely or very
likely thatgoodwater qualityand/or other favorableenvironmental factors besides physical habitahtribute to
achieving aiigherlevel of fish assemblage condition tharpected Besides good water quality, examples of
other positive contributing factorgcludestability of base flow andirect connectionto a stream segmenthat

supports high fish diversity

Converselydata pointsfalling below the 25 or 1d" percentilelinesare casesvhereit is somewhat likely or very

likely thatadversewater qualityconditionsor other environmentalfactorsbesidesphysical habitatimitations

alonecontribute a lower level ofish assemblage conditicdhan expected. Besides poor water qualityaenples
of other negative contributing factors include instability of bdkev or barriers to fish movement caused by dams.
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Figure8. Obsened FIBI scorgersus(EFH) Predicted FIBI scoreThe various coloredrles represent the 10, 25",
75" and 9" percentile GP levels inable 4 Datapointsrepresentall calibration and validatiomBioNetdata
from wadeable warmwater streams usedtive development of the EFHI99%-2012).

Ecoregion and Streamflow Relationships with Habitat

Ecoregion

Streamphysical habitat characteristic@ NB aA Iy AFTAOlI yite | ONR&aa L2glQa SO2NEB:
2009a, 2009b; Wilton 2004 ¥F-or referral purposeshe statistical ranges of habitat metritata collected from
stream ecoregion reference siteselistedin Appendix 3

The habitat and FIBI modeling analysis demonstréted the ecoregionin which astream is locatednatters. On
averageFIBI prediction accuracy was improeabut 13% amongegressiommodels that included ecoregisas
predictor variables ovemodels that did nofnclude them Subsequent datanalysis wasonductedto more
closely examindabitat and FIBielationships withirindividualecoregions

Spearman rank correlation analysis veagminusedto identify habitatmetricsthat were most strongly correlated
with FIBI levelsTable 5 reports, by ecoregion, the metric havihg largest(negative or positivegorrelation
coefficient withinfour habitat metric categories The correlation analysis was performedtwo setsof data (a)
1994-2012calibration and validationata combined(excluding instream covenetrics); (b) 20032012 calibration
and validation datacombined(includinginstream covemetrics).
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Table 5 Results of fearman rankcorrelation analysisf Fishindex of Biotic Integrity (FIBI) astteam habitat
metrics. Correlation coefficientsho) are reported fothe most strongly correlated habitabetrics within
eachcategory (see Table 1 for metric abbreviations)

* Channel Dimension
Ecoregion N Bank / Shade | rho Macrohabitat rho Substrate rho Instream Cover | rho
1994-2012 (calibration and validation data)
40a | 46 BNKBARE |-0.25] RCHRFFL 0.51 SUBLGRK 0.60
47a | 40 BNKAVR -0.36) STRWDTCV |0.48 SUBLGRK 0.45
47b  |136 CHSHDSD |0.28 MAXDEP 0.34 SUBROCK |0.44
47c  [103 BNKBARE |-0.18] THWGWDR | 0.33 SUBROCK |0.47
47e 33 CHSHDMN  |-0.40 DPTHCV 0.39 SUBGRVL 0.41
A7f 107 BNKBARE -0.36 RCHRFFL 0.33 SUBLGRK 0.43
52 42 BNKAHZ 0.49 STRWDTSD | 0.64 SUBLGRK 0.43
2003-2012 (calibration and validation data)
40a 27 CHSHDMN 0.18 STRWDTSD |0.45 SUBCLAY -0.57| CVRBLDR 0.40
47a 14 CHSHDSD -0.36| STRWDTCV |0.84 SUBFINES |-0.75 CVRDPL -0.58
47b 71 CHSHDSD 0.30 MAXDEP 0.44 SUBFINES |-0.32 CVRDPL 0.36
47¢c 43 BNKBARE -0.14] STRWDTCV |-0.38 SUBSILT -0.60] CVRBLDR 0.51
47e 13 CHSHDSD 0.68 RCHRFFL 0.42 SUBGRVL 0.63 CVRTRRT 0.57
A7f 50 BNKAUC 0.29 RCHRFFL 0.31 SUBROCK 0.58 CVRBLDR 0.53
52 24 BNKAHZ 0.45 THWGWDR 0.49 SUBSILT -0.48] CVRARTF -0.45|

Similar to the analysis of habitegtlationships at the statewide scalegrrelations betweersubstratemetricsand
theFIBA y  KS ddnded tR beiihlestiofgest in relation to metrics belonging to other categorigse
percentof rock substrat€gravel+cobble+boulde(BUBROCK) and percent large rock (cobble + boulder)
(SUBLGRK) wengost oftenthe highestrankingmetricsin the substrate category.

High ranking correlations amomgetrics in the(b) 2003-2012data set were somewhat more evenly distributed
among substate, instream cover, and channel dimensiorhe smaller sample sizes of theddata setmight be

partly responsible for some of thdifferences imankingsO2 YLJ- NBR (2 (K2 a$s Sthisate G KS
metricsindicativeof fine sediments (i.e., SBBNES, SUBCLAY, SUBSILTmesteoftenidentified as high ranking
Ay (KS doprparBdwithrockiubsiratemetricsinthea | ¢ RI G &S

In both datasets,tseam bank and channel shadeetrics tendedto have the weakest correlationsith FIBI The
metric found to be the lighest ranking varied considerably across ecoregions and datalské&wise the highest
rankingmetrics within the channellimensionand macrohabitat category was a mixture with no individuakric
chosen more than twicen either dataset. Among the instream cover categothe amount of boulder instream
cover(CVRBLDR) was the most strongly correlated (positieetion) metricin three of seven ecoregions. Cover
provided by deep pools (CVRDPL) alasidentified as hidnest rankingn two ecoregionspne correlation in a
positive direction and the other negative.

Using thesame 19952011 calibration data set used the statewide analysistepwisemultiple regression analysis
was again performed to identify the combiitan of habitat metrics that would best predi&Bllevels within
individualecoregions.The amountof variationin FIBI scoresxplained by habitametrics ranged from 30.¢,
49.8%among ecoregionsThisamount wassimilar to theamount explained by Hztat metrics in thestatewide
analysis (see Tab& models 58). This finding, althougbased orsubstantially less data for any given ecoregion,
does suggest that greater accuracy would not necessarily be achienmd)h the development oécoregion
specificregression models

Substratemetrics wereagain found to be the most frequently included type of habitat metric among the individual
ecoregion modelsThis findingprovides evidence thalifferences in bottom substratare biologicallymeaningful
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both at the statewide and regional scales in lowa. It atswoborates previoustatistical analysigndings
documenting the importance of rock substrate amaviding some of the justificatiofor establishing hhitat
classificationsvithin certain ecoregionfor bioassessment purpos€g/ilton 2004)

Table 6 Ecoregiorresults from gepwise regressioanalysiof streamhabitat metrics and FIB(19952011
calibration dataet).

Ecoregiof N r? (%) |Habitat Variables
40a 41 30.1 |subcbbl%jsubclay¥y
47a 35 32.7 |bnkavr% [subfines%
47b 114 39.6 [subrock%strwdtav |chshdsd%
47¢ 92 32.3 [subsilt% [subrock%ystrwdtav
47e 32 31.5 |dpthav |subgrvi% |subbdrk%
47f 96 34.1 [subfines%bnkbare%subsand%|bnkavr% |strwdtsd
52 41 49.8 |strwdtcv |subrock%subdemu?

Streamflow itself can be considered a habitat valéa It was not included among the physical habitat metrics
considered for developing a habitat index largely because it is a much more dynamic variable than other habitat
characteristics. Typically, the only flow data collected at a wadeable strearssk®mEment site is an instantaneous
flow measurement that is taken once at the time of biological and habitat sampling. This was not thought to be
sufficient

Streamfow

Vaiation in greamflow and alteration in watershed hydrologic response osioit and longtime scaledave
profound effects on stream channel morphometry and instream habitat character{gtiles 2004 andPoffet al.,
2006. Streamflow was not includeainong thephysdcal habitatcharacteristicsncludedin this study primarily
because oflata limitations, but also because of the dynamic nature of streamflow anddhplexity ofits
relationships with stream physical habitat structu®ther tools, such as thedex ofHydrologic Alteration (IHA)
(Richter et al., 2004 re avdiablefor a comprehensivanalysis okcologicallyrelevantstreamflow characteristics
The IHA requires a continuous record of daily flow values, like that obtained at a USGS flow gauging station.
Almost allstream bioassessment sitéxcluded in this tdy are not located near fiow gaging stationthus
adequate data to perfornfHAanalysigs notusuallyavailable

An exploratoryanalysiof the limited data available from bioassessment sitesconducted toinvestigate
relationshipshetweenstreamflow, physical habitatand the FIBIAs part of thebioassessmenprotocol, a
discrete,instantaneousstream discharge (flowheasurement is takeim conjunction withcollection of water
sampleswhich often takes place on the same datdiak assemblage and habitat sampling

A total of 33 instantaneous flow measurements from 198@11datasetcouldbe matched with fishand habitat
sampleson the same datesThesedatawere analyzedoy correlation and leassquare regressioanalysis Three
flow-related metricsthat were easily calculatedere included in the analysis:

1 Average Current VelocifCVAVG) in feet per second (calculated #AQg. Depth x Avg. Width)
1 DischargdFLOW(Q) in cubic feet per secon(tfs)
1 Ratio ofSurfaceWatershedArea(square miles) t®ischargdcfs)(WAREA:FLOW)

Results oSpearman rank correlation results for flow and habitadtricsare summarized in Table Among the
flow-related metricsFLOWwvaspositivelycorrelated with average curremtelocity (CVAVG) and inversely

23



StreamFish Habitat Assessment Inaliors

correlated with watershed aredlow ratio (WAREA:FLOWWAREA:FLOW walksoinverselystrongly correlated
with CVAVG.

FLOWwasmoststronglycorrelated with channel dimensidmabitat metrics (e.g., STRWDTAWWGDPAYV,
DPTHAVand with the amount of instream cover as deep pools (CVRDPL). \wea#sy correlated with bank,
channel shade, and substratabitat metrics. It also was weakly correlated in a positive direction with observed
and predicted FIBI scores.

Tabk 7. Spearman rank coefficients (rifiodm correlations of stream dischargeLOW), watershedrea: flow
ratio (WAREA:FLOW), and average current velocity (CVAVG) versus groupings of physicaldiebstétee
Table 1 for abbreviationsfa) bank and sidemetrics, %suboptimal habitanetrics (PCTSUBOPT), general
model predicted FIBI (GHABMDL), ecoregion model predicted FIBI (EHABMDL), and FIBI score; (b) channel
dimension and macrohabitat; (c) substrate; (d) instream coyBolded,talicized coeffi@nt valuesepresent
strongest correlations within groupipg

(@) b)
FLOW WAREA:FLOW CVAVG FLOW WAREA:FLOWCVAVG
BNKAHZ -0.17 0.45 -0.20 WAREA:FLOW -0.67
BNKAMD 0.12 -0.31 0.10 CVAVG 0.79 -0.68
BNKAUC 0.01 -0.05 0.02 DPTHAY 0.52 -0.41 0.11
BNKAVR 0.11 -0.25 0.13 DPTHCpV -0.30 0.35 -0.41
BNKBARE 0.02 0.23 0.02 DPTHSPp 0.33 -0.17 -0.13
CHSHDAV -0.05 -0.08 -0.13 MAXDEP 0.38 -0.21 0.01
CHSHDMN -0.01 -0.05 -0.09 RCHMXHB 0.12 0.02 0.26
CHSHDMX -0.14 -0.06 -0.19 RCHPOQL -0.31 0.31 -0.66
CHSHDSD 0.24 -0.20 0.12 RCHRFIFL -0.08 -0.10 -0.10
PCTSUBOPT-0.08 0.12 0.07 RCHRUN 0.32 -0.27 0.65
GHABMDL_FIBI 0.23 -0.27 0.04 STRWDTAV 0.71 -0.21 0.31
EHABMDL_FIBI 0.20 -0.28 0.05 STRWDTQV -0.39 0.31 -0.34
FIB[ 0.13 -0.22 0.04 STRWDTSD 0.33 0.05 0.04
THWGDPAV 0.61 -0.39 0.16
THWGDPQV -0.39 0.31 -0.48
THWGDPSD 0.18 -0.06 -0.20
THWGWDR 0.27 0.09 0.21
(©) (d)
FLOW WAREA:FLOW CVAVG FLOW WAREA:FLOWCVAVG
SUBBDRK 0.07 -0.06 -0.02 CVRARTF -0.08 0.14 -0.15
SUBBLDR 0.03 -0.14 -0.09 CVRBLDR -0.06 0.01 -0.16
SUBCBBL 0.08 -0.21 -0.08 CVRDNR 0.22 -0.11 -0.02
SUBCLAY -0.18 0.09 -0.15 CVRDHL 0.44 -0.17 0.04
SUBDEMU -0.05 0.09 -0.13 CVREPA -0.03 0.08 -0.13
SUBFINES -0.02 0.20 0.09 CVRFLMA 0.17 -0.12 0.13
SUBGRVL -0.06 -0.14 -0.04 CVRLGDN 0.24 -0.04 -0.11
SUBLGRK 0.09 -0.22 -0.08 CVRLGEP -0.03 0.10 -0.18
SUBOTHR 0.07 -0.11 0.07 CVRMACR 0.03 -0.21 0.05
SUBROCK 0.04 -0.23 -0.05 CVRNATRL 0.04 -0.06 -0.04
SUBRRAP -0.05 0.05 -0.06 CVROVHG -0.02 -0.16 0.02
SUBSAND 0.12 0.12 0.27 CVRSBR$H 0.03 0.09 -0.02
SUBSILUT -0.19 0.12 -0.27 CVRTRRT 0.00 0.00 -0.05
SUBSOIL -0.13 0.08 -0.08 CVRUCHK 0.07 -0.11 0.05
SUBSTRMX 0.21 -0.03 0.32 CVRWDBRS 0.06 0.05 0.01
SUBWOOpP 0.00 0.09 -0.04

CVAVG was most stronglgrrelated (inversely) with the amount of pool macrohabitat (RCHPOOL) and (positively)
with the amount of run macrohabitat (RCHRUN). It was also relatively strongly correlated (inversely) with thalweg
depth coefficient of variation (THWGDPCYV).
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WAREA:FLOWas most strongly correlated with the amount of horizontal bank (BNKAHZ ), average water depth
(DPTHAYV), and thadg average depth (THWGDPAV).

None of the flowrelated metrics was strongly correlated with observed or predicted FIBI levels (Table 7). This
finding suggested that including the flow metrics in the habit&iBl regression analysis would probably not cause

model performance to improve significantly. This belief was confirmed through subsequent data analysis using the

stepwise multiple linearegression procedures described earlier. In fourteen sequential models produced by
stepwise regression, only CVAVG met the criteria for inclusion. It was the ninth of twelve habitat metrics
sequentially added to the model, and its addition resultecuist p 0.5% increase in the amount of FIBI variability
explained by the model.

Graphsof the flowrelated variables plotted against the FIBI were examined forlim@ar relationship patterns.
Visually apparent thresholds flow, current velocity and waershed drainage area: flow rativere observed
duringthe examination of scatter plots (Figuga-c)d
observed aflow levelsless tham2 cfs current velocityless thar0.1 ft/s, orwatershed area flow ratio greater
than 27 mf/cfs. The latter conditiois not a flow characteristic per se, but can be an indicatamafsually dry
climatic conditionsand/or watershedcharacteristics (e.glow soil permeability)that contribute toproportionately

smaller amounts ofjroundwater contribution to stream flow ancbnsequently lesbaseflow stability.
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Flow and channel morphologharacteristicare major determinants ahe quality and quantity ophysical
habitat spaceavailable to sustain fish populatisthrough dry periods. Binfluencing the amount ofjas exchange
with the atmosphere and ater retention time they can also impaatvater quality parameters such as dissolved
oxygen andvater temperature. For diagnostic purpose#,would be useful to have the abilitp evaluatehow
unusual it would be for a stream site to exceed guboptimal flowor current velocity thresholdi Figure Qjiven
the size of the watershed and the ecoregion location

To explore thigjuestion, simmary statisticof the flow metrics were pneared for seve2 ¥ L RrgdstQ a
ecoregionsn which there wasufficient data(Table 8). Thstatistics illustrate some distineicoregionapatterns
in flow, current velocity, and watersliearea flow ratio. For exampleecoregion 40a stands ourh canparison to
the other ecoregionsvith respect tothe frequencythat threshold levelsare exceeded.The thresholds foFLOW
and AVGCYV thresholadgere exceeded moréhan 25% of the time, and the WAREA:FLOW thresheaklexceeded
more than 50% of the timeEach of hese thresholdsvasexceeded less than 25% of the time incdlthe other
ecoregions.

As suggested abovehd summary statisticsnight help toprovide context forevaluating whethepbserved flow

and current velocityvere unusually low at thtime of sampling For examplesuppose thaflow, current velocity,
and watershedarea: flowratio at astreamsite are 1.5, 0.08, and 30, respectively. The flow and current velocity
levels are suboptimal, that is below levels needed for optimal FIBI scores (i.ex2flcfa; cv>0.1 fps). If the
streamislocated in the 40a ecoregioaccording to Table & WAREA:FLOW of 8as beernbserved more than
50% of the timetherefore, the observed flow and current velocity levetsmbe considered &irly common
occurrenceamong streams of similar watershed sinéhe sameecoregion.

In contrast, the saméow and current velocity levelsf 1.5 cfs and 0.08 fts, respectivetpupled with a
WAREA:FLOW ratio of B@s beerobserved less than 10% of the time in ecoregion. 4ichis case,hle
suboptimal flow and current velocity levels might be considenreticativeof local or regional drought conditions.
Another possible explanation is that tsampling sités located in a losingegmentwhere surfaceflow is lostto
groundwater due to fissures or sinkholes in the stream bottom. Such features are eatlderhkarst geology in
certain areas of Northeast lowa.

Along with otherstatistical tools (e.g., USGS StreamStdbs statistical summaryn Table &ould be usefufor
bioassessment purposes:.or example, Wen a stream sampling site fails to ackéghe FIBI biological impairment
criterion it becomes a candidate fompaired assessment afesignated aquatic life usesd potential addition to

the Section 303(d) list of impaired waterSuch a conclusion could misrepresent the true condition of the aquatic
community if the reduction in FIBI scozan be linked tahe occurrence o$tressfully low flowevels that are
associated with droughtonditions In such casegsonductingadditional sampling when flow levels return toore
typicallevels would be prudentcourse of action
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Table8. Summary statistics for flow, current velocity, and watersheela: flowratio by ecoregion.Data mostly
representbase strearflow conditionsduring the July, October biological index {871)

FLOW (cfs)

40a 47a 47b 47c 47e A7f 52b

N 32 24 95 90 29 78 23
MAX 100.0 104.0 75.8 79.5 70.0 120.0 120.0
90 12.5 43.8 20.2 44.2 45.6 35.3 36.7
75 7.8 21.0 11.0 23.5 24.0 23.1 22.8
50 2.8 8.3 4.2 8.6 14.6 11.0 12.6

25 0.6 2.7 2.3 3.9 8.8 3.0 5.1

10 0.1 1.6 0.9 2.0 4.8 1.0 4.3

MIN 0.1 0.4 0.1 0.1 0.5 0.1 3.2

Current Velocity (ft./sec.)

40a 47a 47b 47c 47e 47f 52b

N 32 24 95 90 29 78 23

MAX 1.49 1.51 1.12 1.20 1.64 1.45 1.17
90 0.53 1.08 0.65 0.73 1.15 0.81 0.89
75 0.31 0.84 0.42 0.60 0.95 0.59 0.62
50 0.16 0.44 0.24 0.38 0.78 0.39 0.33
25 0.07 0.25 0.13 0.23 0.61 0.21 0.24
10 0.01 0.12 0.07 0.13 0.32 0.09 0.23

MIN 0.00 0.03 0.00 0.02 0.20 0.00 0.18

WAREA:FLOW (ffifs)

40a 47a 47b 47c 47e 47f 52b

N 32 24 95 90 29 78 23

MAX 1061.9 125.5 1300.5 111.1 52.9 292.9 7.4
90 611.6 30.2 51.9 16.2 16.4 36.5 5.3
75 152.7 22.6 25.3 10.9 12.2 18.3 4.2
50 32.3 10.1 12.5 5.9 5.4 7.0 2.4
25 15.9 4.6 7.3 3.6 3.3 2.7 2.0
10 6.5 4.1 3.3 2.0 1.8 1.6 1.9

MIN 2.4 1.4 11 0.9 1.3 1.0 0.9

Habitat Indexes as Predictors of the BMIBI

At the onset of this study, it was presumed that physical habitat characteribtit@re usefupredictorsof fish
assemblage condition would not necessarily be the santb@se that are usefuor predictingbenthic
macroinvertebrate assemblage condition. f€st this assumption, relationships betweéagwvels ofthe Benthic
Macroinvertebrate Index of Biotic Ingeity (BMIBlandlevels ofthe GFHI and EFHI were examined by simple linear
regression analysisThe analysis includedtatal of 407GFHI, EFHI, afdBI sampling resulfsom the 19952012
all-site calibration and validation datasethat could bematched by site and date with BMIBI sampling results.

Linear regressioanalysis foundhat BMIBI scores were not strongly relatetith either the GHIor EFH
predicted FIBI score@Figures 10a-b). The fsquaredstatistics from the regressionsvere 13% amul 18% for the
GFHI and EFHeEspectively.In contrast the relationship ktween the BMIBI and the observed (samplEti|
score wasnuchstronger (52%- Figurel0c).
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FigurelO. Simple linear regression BEnthic Macroinvertebrate Index of Biotic Integr{MIBI) versuga)
General Fish Habitat Index (GFE) Ecoregional Fish Habitat Indg&EHt)(c)Fish Index of Biotic Integrity

(FIBI).

The lack of a strong relationghbetween the BMIBI and the GFHI or the EFHI sugtiestthe combination of

habitat metricsincluded in these indexes does nateqjuatelyrepresenthabitat characteristics that are important
to structuring benthic macroinvertebrate assemblages in loweashs. In a previousanalysisreachscale habitat
metrics like those includeth this studywere foundto be less strongly related with benthic macroinvertebrate

assemblages than fish assemblages (Wilton 2004kfindingshere suggest that anew analysiof BMIBI and
habitat relationships, preferably representibgth macro and micrescalehabitat metrics will be necessarin

order to develop ajuantitative habitat index that is useful fbioassessmerstinvolvingoenthic macroinvertebrate

assenblages
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Conclusions

The quantitativehabitat tools deeloped in this study should directly benefit the stream bioassessment program
The General Fish Habitat Index (GFi#lldsa normalizedscorebetween 0 and 10that equatesto qualitative

categories (Excellent, Good, Fair, Paoff A a K | 8aSYof | 3S KSIfGK O2yiRanbd 2y Ay

used to quickly compare and rank habitat conditions across multiple samplingrsiveéighout lowa. It also
identifieswhich of 25 individuahabitat metricsare the most likely to limithe residentstreamfish assemblage
from attaininga higher condition level

The Ecoregional Fish Habitat Index (EE&tipe used morespecifically in thestream bioassessmeiprocess By
adjusting forecoregion effectthe EFHI provides more accurate prediction dfie Fish Index of Biotic Integrity
(FIBI). Analysis of regressemalysisesidualsrom least disturbedeference sites were used to establish
guidelines for interpreting the differendeetweenthe observed (sampled) FI&oreand theEFHipredictedFIBI
score Theseguidelines should be useful for distinguishing stre@amshich fish assemblage condition appstr
match expectationkased orphysical habitat conditions froithose inwhichfish assemblagesre limited byother
environmentalfactors such as water quality

Guidelines foevaluating thdikelihoodthat FIBI andhabitat resultsareinfluenced by unusual flow conditions
during sampling have beeroposed This considet®n is important with respect to deciding whether or not the
habitat data are representative of typical base flow conditions under which stream biolagsedsment indices
have been calibrated Unrepresentative data can lead to errone@ssessments [s&d on inaccurate
determinatiors of aquatic life usesupport statusor impairmentcauses and sources.

Thetools developed in this studyight be useful fopther stream management purposes, suchpasritizingand
setting goals fostream habitat improveent projects However, i is importantto recognize the limitations dhe
tools, whichrepresentlocalinstreamhabitat characteristicenly. Previous researcim lowahas demonstrated
that streamfish assemblageand physical habitatonditionsat the streamreachlevelare hierarchicallyrelatedto
landscape characteristied the localriparian bufferandthe watershedscalegRowe et al., 2008). As suchthese
habitat tools will be most useful when applieds part of a somprehensiveassessmentf watershed characteristics
and processes thare shaping instream habitat conditions.
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Appendices

Appendix 1 . Habitat Indexing Site Scores

General Fish Habitat Index (GFHI) and Ecoregion Fish Habitat Index (EFHI) restuéarfositesncluded in the
habitat modeling calibration (Clbr) and validation (VId) data sets (P8433).

Abbreviations
Data group Clbr, calibration; VId, validation.

Ecoregion (see Figurel)

Site status HW-CHEF, headwater candidate reference; HBVY, headwater survey; \WIREF, wadeable candidate
reference sites; WIREF, wadeable candidate referersite; WDRJCT, rejected referenc&/D-SVY, wadeable
survey.

Suboptimal Habitat Metrics:sée Table)
FIBI¢ EFHInterpretationguidelines:

> 18 Beneficial avironmental factors besides physical habithiiaracteristicare very likely to contributéo the
observed FIBI score exceeding the predicted FIBI score;

9.¢ 18, Beneficiakenvironmental factors besides physical habitharacteristicare somewhat likely to contribute
to the observed FIBI score exceeding the predicted FIBI score;

(-5) ¢ 8, The observed FIBI score is roughly equivalent to the predicted FIBI score and within expectations based on
physical habitat characteristics and ecoregion;

(-12)- (-6), Adverse environmental factors besides physical habharacteristicare somewhatikely to
contribute to the predicted FIBI score exceeding the observed FIBI score;

-, Adverse environmental factors besides physical habitaracteristicare very likely to contribute to the
predicted FIBI score exceeding the observed FIBI score

(continued next page)
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Appendixl (continued).
Bio GFHI

Data Net Eco Sample Hab. FIBI -

Group ID Stream Landmark County Region Basin Site Status  Date GFHI  Rtg. FIBI EFHI  EFHI Suboptimal Habitat Metrics

Clbr 52 Bailey Cr. Ingrebretsen Franklin 47c  MS WD-REF 7/22/1996 53 Good 57 65 -8

Clbr 52 Bailey Cr. Ingrebretsen Franklin 47c  MS  WD-REF 7/24/2003 53 Good 60 65 -5

Clbr 52 Bailey Cr. Ingrebretsen Franklin 47c  MS WD-REF 7/20/2011 58 Good 64 67 -3

Clbr 357 Bailey Cr. Thornton Cerro Gordo  47c MS  WD-SVY 7/23/2003 45 Fair 49 57 -8  chshdav%, cvrepa%, cvrwdbrs%,
embdrtg

Clor 357 Bailey Cr. Thornton Cero Gordo 47c MS WD-SVY 10/7/2003 53  Good 50 66  [IEEBIN chshdavos, cvrepa%, cvrwdbrs%

Clbr 659 Bailey Cr. Thorton Cerro Gordo  47b MS HW-CREF 8/30/2007 44 Fair 48 46 2 bnkahz%, bnkbare%, cvrovhg%,
cvrwdbrs%, dpthcv, embdrtg,
rchpool%, rchmxhb%, strwdtsd

Clbr 637 Ballard Cr. Cambridge Story 47b MS WD-SVY 7/18/2007 39 Fair 43 37 cvrepa%, strwdtav, strwdtsd

Clor 136 Barber Cr. Barber Creek Clinton 47fF MS WD-REF 9/9/1998 34 Fair 60 29 bnkavr%, bnkbare%, strwdtav,
subrock%

Clor 136 Barber Cr. Barber Creek Clinton 47f MS WD-REF 8/30/2004 23 Poor 60 27 bnkahz%, dpthcv, strwdtav,
subclay%, subsilt%, subfines%,
subrock%

Clbr 311 Battle Cr. Battle Creek Ida 47e MO WD-SVY 9/11/2002 40 Fair 43 28 15 chshdav%

vid 26 BearCr. Shellsburg Benton 47c MS WD-REF 8/8/1995 51 Good 69 64 5

vid 26 BearCr. Shellsburg Benton 47c MS WD-REF 8/2/2001 47 Fair 44 56 -12  rchmxhb%

vid 26 BearCr. Shellsburg Benton 47c MS WD-REF 10/1/2001 47 Fair 52 58 -6 subfines%

vid 26 BearCr. Shellsburg Benton 47¢ MS WD-REF 8/20/2010 53 Good 63 61 2

vid 56 BearCr. Buchanan Co Buchanan 47¢ MS WD-REF 8/8/1996 51 Good 77 63 14 maxdep

vid 56 Bear Cr. Buchanan Co Buchanan 47c MS WD-REF 8/7/2002 58 Good 7 63 14

vid 56 Bear Cr. Buchanan Co Buchanan 47c  MS  WD-REF 9/8/2009 48 Fair 66 58 8  cvrepa%, rchmxhb%

vid 105 BearCr. Eden Valley Jackson 47f MS WD-REF 8/28/2003 50 Fair 52 42 10 subrock%

Vid 105 BearCr. Eden Valley Jackson 47f MS WD-REF 9/1/2011 53 Good 73 50

Clbr 109 BearCr. Roland WWTP Story 47b  MS  HW-SVY 9/25/1997 39 Fair 36 37 -1 bnkavr%, chshdav%, maxdep

Clbr 109 BearCr. Roland WWTP Story 47b  MS HW-SVY 9/10/2003 44  Fair 21 40 -chshdav%, chshdsd%

Clbr 110 BearCr. Roland WWTP Story 47b MS HW-SVY 9/26/1997 40 Fair 25 39 maxdep, strwdtav, thwgdpav

Clbr 110 BearCr. Roland WWTP Story 47b MS  HW-SVY 9/10/2003 38 Fair 26 37 -11  chshdav%, cvrepa%, cvrwdbrs%,
maxdep, strwdtav, thwgdpav

vid 114 BearCr. Skunk River Story 47b MS  WD-REF 10/2/1997 47 Fair 38 43 )

Vid 114 BearCr. Skunk River Story 470  MS WD-REF 9/19/2007 51  Good 71 46 [250

vid 114 BearCr. Skunk River Story 47b MS  WD-REF 8/20/2008 52 Good 55 47 8

Clor 328 BearCr. Brooklyn Poweshiek 47f MS  WD-SVY 9/25/2002 31 Fair 23 27 -4 bnkavr%, maxdep, rchpool%,
rchmxhb%, strwdtav, strwdtsd,
thwgdpav

Clbr 654 BearCr. Roland Story 47b MS HW-CREF9/28/2007 47 Fair 36 43 -7 cvrdpl%, cvrovhg%, dpthav, dpthc|
subsilt%

Vid 853 BearCr. Dyersville Delaware ~ 47c  MS WD-SVY 7/27/2011 58  Good 44 T |

Clor 226 Beaver Cr. Buffalo Grov Boone 47b MS WD-CREF10/16/2001 39 Fair 45 42 3 subfines%, subrock%

Clor 226 Beaver Cr. Buffalo Grov Boone 47b  MS WD-CREF8/11/2011 48 Fair 54 43 11 bnkbare%

Vid 358 Beaver Cr. Lake Mills Winnebago 47b MS  HW-SVY 7/22/2003 31 Fair 28 34 -6 bnkahz%, chshdav%, cvrepa%,
cvrwdbrs%, dpthcv, rchpool%,
rchmxhb%, strwdtsd, subsilt%,
subfines%, subrock%, substrmx¥]

Clbr 373 Beaver Cr. New Hartford Butler 47c MS WD-SVY 8/14/2003 42 Fair 45 54 -9 cvrdpl%, dpthav, subfines%,
subrock%

vid 626 Beaver Cr. Fisheries Winnebago 47b MS  WD-SVY 7/24/2006 51 Good 31 54 -bnkbare%,chshdav%, chshdsd% |
cvrepa%, cvrwdbrs%

Clbr 201 Big BearCr. Victor lowa 47f MS WD-SVY 9/21/1999 31 Fair 49 32 17  rchpool%, rchmxhb%, subfines%,
subrock%, substrmx%

Clbr 194 Big Cedar Cr. Gibson St Re Henry 40a  MS WD-SVY 9/12/2000 38 Fair 30 30 0 dpthav, embdrtg, subsilt%,
subfines%, subrock%

Clbr 228 Big Cedar Cr. Fonda Pocahontas  47b MS  WD-SVY 9/19/2001 56 Good 48 50 -2 strwdtsd

Clbr 228 Big Cedar Cr. Fonda Pocahontas 47b MS  WD-SVY 9/27/2006 41 Fair 57 40 17  bnkahz%, bnkamd%, bnkavr%,
bnkbare%, cvrepa%, cvrwdbrs%,
strwdtsd, subsilt%

Clbr 128 BigCr. Denison Crawford 47e MO WD-REF 8/12/1998 43 Fair 42 34 8

Clbr 128 BigCr. Denison Crawford 47e MO WD-REF 8/10/2004 53 Good 35 41 -6

Clbr 128 BigCr. Denison Crawford 47e MO WD-REF 10/12/2010 45 Fair 31 33 -2 cvrepa%

Clbr 248 BigCr. Marion- Secr Linn 47c MS  WD-SVY 7/19/2001 52 Good 57 62 -5

Vid 34 BigMuddy Cr. Spencer Clay 47b MO WD-REF 9/6/1995 54  Good 35 49 [N

vid 34 Big Muddy Cr. Spencer Clay 47b MO WD-REF 9/5/2001 41 Fair 54 39 15 chshdav%

vid 34 Big Muddy Cr. Spencer Clay 47b MO WD-REF 9/15/2009 52 Good 44 45 -1

Vid 92 Black CatCr. Algona Kossuth 47b MS WD-REF 8/13/1997 45 Fair 51 43 8 bnkahz%, strwdtsd

Vid 92 Black CatCr. Algona Kossuth 47b MS WD-REF 8/25/2003 51 Good 50 43 7 cvrwdbrs%, subsilt%

Vid 92 Black CatCr. Algona Kossuth 47b MS WD-REF 8/15/2011 43 Fair 51 36 15 bnkavr%, cvrwdbrs%

Clbr 55 Black Hawk Cr. Popp County Black Hawk 47c  MS WD-REF 7/31/1996 42 Fair 51 56 -5  subfines%, subrock%

Clbr 55 Black Hawk Cr. Popp County Black Hawk 47c  MS WD-REF 8/8/2002 40 Fair 61 51 10  subsilt%, subfines%, subrock%

Clbr 55 Black Hawk Cr. Popp County Black Hawk 47c  MS WD-REF 9/29/2004 33 Fair 44 47 -8  subsilt%, subfines%, subrock%

Vid 368 Boone Ruvr. Renwick Wright 47b MS  WD-SVY 8/20/2003 43 Fair 32 40 -8  cvrovhg%, subfines%, subrock%

Clbr 301 Boyer Rvr. Deloit Crawford 47e MO WD-SVY 8/1/2002 32 Fair 35 29 6 rchpool%, rchmxhb%

Clbr 369 Boyer Rvr. Early Sac 47a MO WD-SVY 8/19/2003 32 Fair 39 29 10  bnkahz%, bnkavr%, cvrovhg%,
cvrwdbrs%

Clbr 333 BoylanCr. Aredale Butler 47c MS  HW-SVY 10/9/2002 33 Fair 38 46 -8  dpthav, dpthcv, subfines%,
subrock%, substrmx%

Vid 413 Brophy Cr. Mccausland Clinton 47f MS WD-SVY 8/14/2012 37 Fair 50 38 12  chshdav%, chshdsd%, cvrepa%,
subsilt%, subfines%, subrock%
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Appendix 1(continued).

Data
Group
Clbr
Clbr
Clbr

Clbr
Clbr

Clbr
Clbr
Clbr
Clbr

Clbr
Clbr
Clbr
Clbr
Clbr
Clbr
Clbr
Clbr
Clbr
Clbr
Clbr
Clbr

vid

Clbr
Clbr
Clbr
Clbr
Clbr

Clbr

Clbr
Clbr
Clbr
Clbr
Clbr
Clbr
Vid

Clbr

Vid
Vid
Vid
Clbr
Clbr

Clbr
Clbr

Clbr
Clbr

Clbr

Clbr
Clbr
Clbr
Clbr
Clbr
Clbr
Clbr
Vid

Vid

Clbr

Bio
Net
1D
165
165
711

4
4

239
61
61

173

174
257
258
274
565
754
41
41
41
182
230
230

230

32
32
268
245
529

529

530
530
530
107
107
302
381

334

84
84
84
251
53

53
53

720
720

371

249

164
582
29
29
126
126
232

Stream
Brush Cr.
Brush Cr.
Brushy Cr.

Buck Cr.
Buck Cr.

Buck Cr.

Buffalo Cr.
Buffalo Cr.
Buffalo Cr.

Buffalo Cr.
Buffalo Cr.
Buffalo Cr.
Buffalo Cr.
Buffalo Cr.
Buffalo Cr.
Buffington Cr.
Buffington Cr.
Buffington Cr.
Burnett Cr.
Burr Oak Cr.
Burr Oak Cr.

Burr Oak Cr.

Buttrick Cr.
Buttrick Cr.
Calmus Cr.
Camp Cr.
Camp Cr.

Camp Cr.

Camp Cr.
Camp Cr.
Camp Cr.
Canoe Cr.
Canoe Cr.
Cedar Cr.
Cedar Cr.

Chariton Rvr.

Chequest Cr.
Chequest Cr.
Chequest Cr.
Clear Cr.

Coldwater Cr.

Coldwater Cr.
Coldwater Cr.

Coppers Cr.
Coppers Cr.

Cottonwood Drain

Crabapple Cr.
Crane Cr.
Crane Cr.
Crane Cr.
Crane Cr.
Deer Cr.
Deer Cr.
Deer Cr.
Deer Cr.
Deer Cr.

Landmark
Wadena
Wadena
Dedham

Barnes City
Barnes City

Delhi
Central City
Central City
Titonka

Michaelson M
Frozen Hill
E-28 Bridge
Red Ridge Ro
155th
Winthrop
Columbus Cit
Columbus Cit
Columbus Cit
Marshalltown
Osage (Downs
Osage (Downs

Osage (Downs

Waters Count
Waters Count
Mason City
Mitchellvill
Runnells

Runnells

Thomas Mitch
Thomas Mitch
Thomas Mitch
Canoe Creek
Canoe Creek
Lohrville --
Delta

Chariton

Pittsburg
Pittsburg
Pittsburg
Lisbon
Greene

Greene
Greene

Keosauqua
Keosauqua

Burlington

Springville-
Lourdes
Lourdes
Saratoga
Riceville
Carpenter -
Carpenter -
Stuart

Stuart
Carpenter- 3

County
Fayette
Fayette
Carroll

Mahaska
Mahaska

Delaware
Linn
Linn

Kossuth

Kossuth
Linn
Jones
Linn
Winnebago
Buchanan
Louisa
Louisa
Louisa
Marshall
Mitchell
Mitchell

Mitchell

Greene
Greene
Cerro Gordo
Polk
Polk

Polk

Polk
Polk
Polk
Winneshiek
Winneshiek
Calhoun
Keokuk

Lucas

Van Buren

Van Buren

Van Buren
Cedar
Butler

Butler
Butler

Van Buren
Van Buren

Des Moines

Linn
Howard
Howard
Howard
Howard
Mitchell
Mitchell
Guthrie
Guthrie

Worth

Eco Sample
Region Basin Site Status  Date

52b MS  WD-REF 10/3/2000
52b MS WD-REF 9/27/2005
47e MS  WD-SVY 9/16/2009
47f MS WD-REF 8/21/2000
47f MS  WD-REF 9/18/2007
47c MS WD-SVY 8/13/2001
47c MS WD-REF 8/28/1996
47c MS  WD-REF 9/2/2008
47b MS  WD-SVY 8/23/2000
47b MS  WD-SVY 8/24/2000
47c MS  WD-SVY 8/28/2001
47f MS  WD-SVY 8/27/2001
47c MS  WD-SVY 8/30/2001
47b MS  HW-SVY 9/19/2006
47c MS  WD-SVY 9/28/2010
47f MS WD-REF 9/25/1995
47f MS  WD-REF 9/12/2001
47f MS WD-REF 8/23/2010
47f MS  WD-SVY 8/22/2000
47c MS WD-SVY 8/8/2001
47c MS  WD-SVY 8/3/2011
47c MS  WD-SVY 7/30/2012
47b MS  WD-REF 8/30/1995
47b MS  WD-REF 7/24/2001
47c MS WD-SVY 9/25/2001
47f MS  WD-SVY 7/20/2005
47f MS  WD-SVY 7/19/2005
47f MS  WD-SVY 9/8/2009
47b MS  WD-SVY 7/12/1999
47b MS  WD-SVY 7/21/2005
47b MS WD-SVY 9/9/2009
52b MS  WD-REF 9/9/1997
52b MS WD-REF 9/9/2003
47b MS WD-SVY 7/31/2002
47f MS HW-SVY 8/18/2003
40a MS WD-SVY 8/26/2002
40a MS WD-REF 7/17/1997
40a MS WD-REF 7/15/2003
40a MS WD-REF 7/21/2011
47f MS  WD-SVY 7/26/2001
47c MS WD-REF 7/23/1996
47c MS WD-REF 8/12/2002
47c MS  WD-REF 10/13/2009
40a MS HW-CREF 10/6/2009
40a MS HW-CREF 9/15/2010
72d MS  WD-SVY 8/5/2003
47c MS  HW-SVY 7/17/2001
47c MS  WD-REF 10/11/2000
47c MS WD-REF 9/28/2009
47c MS  WD-SVY 10/10/2000
47c MS WD-SVY 8/16/2010
47c MS  WD-REF 8/15/1995
47c MS WD-REF 8/25/2008
47f MS  WD-REF 7/30/1998
47f MS WD-REF 7/29/2004
47c MS  WD-SVY 8/21/2001

GFHI
57
53
30

33
23

48
57
58
36

29
51
42
57
50
43
55
56
60
29
40
45

46

53
52
52
40
37

27

52
53
57
70
71

32

28

62
62
61
65
38

41
38

40
29

29

48
53
37
53
50
66
60
50
54
37

GFHI
Hab.

Good
Good
Fair

Fair
Poor

Fair
Good
Good

Fair

Fair
Good
Fair
Good
Fair
Fair
Good
Good
Good
Fair
Fair
Fair

Fair

Good

Good

Good
Fair
Fair

Fair

Good
Good
Good
Good
Excellent
Fair
Fair

Fair

Good
Good
Good
Good
Fair

Fair
Fair

Fair
Fair

Fair

Fair
Good
Fair
Good
Fair
Good
Good
Fair
Good
Fair

FIBI
83
80
28

21
25

60
80
7
18

15
67
68
67
41
53
52
53
73
56
52
69

62

47
36
51
25
39

31

29
30
32
81

43
26

19

47
45
35
78
34

42
37

43
36

20

57
64
58
57
70
74
73
61
40
57

EFHI
66
63
26

33
25

58
71
68
36

35
62
37
63
47
56
46
46
49
28
52
53

58

52
50
63
36
31

30

48
49
52
70
73
47
24

26

53
55
54
55
48

51
47

38
30

27

56
58
49
58
58
75
70
47
47
52

FIBI -
EFHI Suboptimal Habitat Metrics

17

17

2 cvrwdbrs%, dpthcv, rchpool%,
rchmxhb%, subfines%

-12  strwdtsd, subfines%, subrock%

0 dpthcv, rchmxhb%, strwdtav,
strwdtsd, subfines%, subrock%

2  chshdav%

9

©
bnkavr%, dpthcv, maxdep,
rchpool%, rchmxhb%, strwdtsd,
subfines%, thwgdpav
subfines%, subrock%

5

-subfines%, subrock%, substrmx%4

4

-6 strwdtav, strwdtsd

-3  cvrdpl%, dpthav

6

7  rchpool%
subfines%, subrock%

0 chshdav%, chshdsd%, strwdtsd

16  bnkahz%, chshdav%, chshdsd%,
dpthev, strwdtsd

4 cvrwdbrs%, strwdtsd, subsilt%,
subfines%, subrock%

-5

-12 chshdav%, chshdsd%
-11  bnkavr%, strwdtsd

8 bnkahz%, bnkavr%, cvrovhg%,
dpthev, rchpool%, rchmxhb%,
strwdtsd, subsilt%, subfines%,
subrock%

1 cvrepa%, dpthcv, maxdep,
rchpool%, rchmxhb%, strwdtsd,
subfines%, subrock%, substrmx%

11

4

-4

2 chshdav%, dpthav, dpthcv,
rchpool%, rchmxhb%, subsilt%,
subfines%, subrock%

-7  rchpool%, subsilt%, subfines%,
subrock%

-6

-10
bnkamd%, subfines%, subrock%o,
substrmx%

-9 chshdav%, chshdsd%

-10  bnkbare%, subsilt%, subfines%,
subrock%

5] cvrepa%, rchpool%, rchmxhb%

6 cvrepa%, maxdep, rchpool%,
rchmxhb%, subfines%, subrock%
substrmx%, thwgdpav

-7 bnkahz%, cvrepa%, cvrwdbrs%,
dpthav, dpthcv, rchpool%,
rchmxhb%, subsilt%, subfines%,
subrock%, substrmx%

1 strwdtsd

6

9 cvrepa%, subfines%, subrock%

=il

12

-1

3

14

-7

5] bnkahz%, dpthcv, maxdep, strwdt]
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Appendix 1(continued).

Data
Group
Clbr
Clbr
Clbr

Clbr

Clbr
Clbr
Clbr
Clbr

Clbr
Clbr
Clbr
Clbr
Clbr
Clbr
Vvid

Clbr
Clbr
Vid

Clbr
Clbr
Clbr
Clbr
Clbr
Clbr
Vid

Vid

Clbr

Clbr

Clbr
Clbr
Clbr
Vid

Clbr
Clbr

Clbr
Vid

Clbr
Clbr
Clbr
Clbr
Vid

Clbr
Clbr

Clbr
Clbr

Clbr

Clbr

Clbr

Clbr
Clbr

Clbr

Clbr

Bio
Net
ID
127
127
690

707

653
653
215
215

215
215
215
247
189
189
189

190
190
190
16
225
225
124
124
124
103
103

44

150
150

150

101
170

170
170
198
860
208
208
208
640
287

204
204

204

638

353

35
35

355

364

Stream Landmark
Dibble Cr. Clermont
Dibble Cr. Clermont
Dick Cr. Corydon

Dick Cr. Corydon
Drainage Ditch 81  Nevada
Drainage Ditch 81  Nevada

Dry Run Cr. Cedar Falls-
Dry Run Cr. Cedar Falls-
Dry Run Cr. Cedar Falls-
Dry Run Cr. Cedar Falls-
Dry Run Cr. Cedar Falls-
E. Big Cr. Springville-

E. Br. lowa Rvr. Goodell

E. Br. lowa Rvr. Goodell

E. Br. lowa Rvr. Goodell

E. Br. lowa Rvr. Belmond

E. Br. lowa Rvr. Belmond

E. Br. lowa Rvr. Belmond

E. Br. W. Nishna. R. Avoca

E. Buttrick Pound Pit Co
E. Buttrick Pound Pit Co
E. Frk. Des Moines RSeneca SWMA
E. Frk. Des Moines RSeneca SWMA
E. Frk. Des Moines RSeneca SWMA
E. Frk. Wapsi. R.  Sweet Marsh
E. Frk. Wapsi. R.  Sweet Marsh
E. Frk. Wapsi. Rvr. New Hampton
E. Frk. Wapsi. Rvr. New Hampton
E. Frk. Wapsi. Rvr. New Hampton
E. Nodaway Rvr.  Hawleyville

E. Nodaway Rvr. Hawleyville

E. Nodaway Rvr. Hawleyville
Elk Cr. Ida Grove

Elk Cr. Elk Creek Ma
Elk Cr. Elk Creek Ma
Elk Cr. Elk Creek Ma
Elk Run Cr. Bunger Park
Elk Run Cr. Lanesboro
Elk Rvr. Camp Mississ
Elk Rvr. Camp Mississ
Elk Rvr. Camp Mississ
Elk Rvr. Andover
English Rvr. Riverside
Farmers Cr. Fulton
Farmers Cr. Fulton
Farmers Cr. Fulton
Farmers Cr. LaMotte

Flint Cr. Danville

Floyd Rvr. Sheldon Well
Floyd Rvr. Sheldon Well
Floyd Rvr. Sanborn
Floyd Rvr. Alton

County
Fayette
Fayette
Wayne

Wayne

Story

Story
Black Hawk
Black Hawk

Black Hawk
Black Hawk
Black Hawk
Linn
Hancock
Hancock
Hancock

Wright

Wright

Wright

Shelby
Greene
Greene
Kossuth
Kossuth
Kossuth
Bremer
Bremer

Chickasaw

Chickasaw

Chickasaw
Page
Page
Page

Ida
Worth

Worth
Worth
Black Hawk
Carroll
Clinton
Clinton
Clinton
Clinton

Washington

Jackson
Jackson

Jackson

Jackson

Des Moines

Obrien
Obrien

Obrien

Sioux

Region Basin Site Status

Eco Sample

Date

52b MS WD-REF 8/4/1998
52b MS WD-REF 8/5/2004
40a  MS WD-SVY 9/11/2008
40a MS WD-SVY 8/13/2009
47b  MS HW-CREF 8/29/2007
47b  MS HW-CREF 10/4/2007
47c MS WD-SVY 10/6/1999
47¢  MS WD-SVY 10/3/2005
47c  MS  WD-SVY 9/29/2009
47c  MS WD-SVY 9/14/2010
47c  MS WD-SVY 8/30/2011
47c  MS WD-SVY 7/18/2001
47b  MS WD-CREF10/17/2000
47b  MS WD-CREF 10/7/2010
47b  MS WD-CREF 7/24/2012
47b  MS  WD-REF 10/18/2000
47b  MS WD-REF 8/25/2005
47b MS WD-REF 7/23/2012
47e MO WD-REF 9/27/2011
47b  MS WD-CREF 7/18/2001
47b  MS WD-CREF 9/11/2009
47b  MS WD-CREF10/14/1997
47b  MS WD-CREF 8/21/2003
47b  MS WD-CREF 9/9/2011
47c  MS WD-REF 8/27/1997
47¢  MS WD-REF 9/3/2003
47¢c  MS WD-REF 10/2/1995
47c  MS WD-REF 10/3/2002
47c MS WD-REF 9/20/2010
47t MO  WD-REF 10/20/1998
47t MO  WD-REF 10/13/2004
47t MO  WD-REF 8/21/2012
47e MO WD-SVY 8/21/1997
47b  MS WD-CREF 9/7/2000
47b  MS WD-CREF 8/26/2008
47b  MS WD-CREF 9/26/2012
47c  MS WD-SVY 10/5/1999
47b  MS WD-SVY 8/4/2011
47f MS  WD-SVY 8/17/1999
a7t MS  WD-SVY 8/6/2007
47f MS  WD-SVY 8/13/2012
47f MS  WD-SVY 8/7/2007
72d MS WD-SVY 10/2/2001
47f MS  WD-SVY 8/18/1999
47f MS  WD-SVY 8/8/2007
47f MS  WD-SVY 10/20/2011
47f MS  WD-SVY 8/8/2007
47f MS  WD-SVY 7/15/2003
47a MO WD-RJCT 9/7/1995
47a MO WD-RJCT 9/14/1999
47a MO WD-SVY 7/30/2003
47a MO WD-SVY 8/7/2003

GFHI
56
47
12

13

53
46
50
46

59
58
58
49
a4
40
a2

44
45
50
41
57
53
35
46
53
39
40

34

31

30

43

41

32

52
39

33
47
54
52
58
2
57
23
32

46
45

39

43

39

47
47

43

37

GFHI
Hab.

Good
Fair
Poor

Poor

Good
Fair
Fair
Fair

Good

Good

Good
Fair
Fair
Fair
Fair

Fair
Fair
Fair
Fair
Good
Good
Fair
Fair
Good
Fair
Fair

Fair

Fair

Fair

Fair

Fair

Fair

Good
Fair

Fair
Fair
Good
Good
Good
Fair
Good
Poor

Fair

Fair
Fair

Fair

Fair

Fair

Fair
Fair

Fair

Fair

FIBI
57
44
26

29

30
43
50
44

76
74
74
72
29
57
43

39
30
35
27
46
73
29
45
54
27
45

43

43

54

28

23

39

36
21

a7
10
73
45
17
22
53
29
34

27
42

57

61

37

36
32

37

18

EFHI
61
55
18

19

48
45
57

67
67
65
65
a4
41
22

41
43
48
32
52
53
36
42
50
45
45

43

42

41

39

37

37
36

30
40
62
51
49
39
50
26
33

42
39

a1

35

38
35

40

33

FIBI -
EFHI

=Alil

10

[ a8 ]
2
-7

~N o~ o

[T
16
1

-2

-5
-6

-7
3

4
2]
0

-2

0

12

2

-1

17

11

= wwwlo"

[s]
3

-2
-3

Suboptimal Habitat Metrics

cvrepa%, cvrwdbrs%

maxdep, strwdtav, strwdtsd,
subclay%, subrock%

cvrepa%, cvrwdbrs%, strwdtav,
subclay%, subfines%, subrock%
bnkavr%, cvrovhg%

cvrwdbrs%, dpthcv

dpthav

cvrepa%, embdrtg, rchpool%,
rchmxhb%

chshdav%, chshdsd%

bnkbare%, cvrepa%, cvrwdbrs%
cvrwdbrs%, subsilt%, subfines%,
subrock%

dpthav

cvrwdbrs%, subfines%, subrock%j
subrock%

subfines%, subrock%, substrmx%j

subsilt%, subfines%, subrock%
embdrtg

dpthav, subrock%

cvrdpl%, dpthav, subsilt%,
subfines%, subrock%

maxdep, strwdtav, strwdtsd,
subfines%, subrock%, thwgdpav
bnkahz%, bnkavr%, dpthcv,
rchpool%, rchmxhb%, strwdtav,
strwdtsd, subsilt%, subfines%,
subrock%

cvrepa%, rchpool%, rchmxhb%,
strwdtav, strwdtsd, subsilt%,
subfines%, subrock%

subrock%

cvrdpl%, cvrepa%, cvrwdbrs%,
subrock%

bnkahz%, cvrepa%, cvrwdbrs%,
subclay%

subsilt%

chshdav%, chshdsd%, rchpool%,
rchmxhb%, subsilt%, subrock%
cvrepa%, cvrwdbrs%, subsilt%,
subfines%, subrock%
bnkbare%, cvrepa%, dpthcv,
rchpool%, rchmxhb%, subrock%

cvrdpl%, cvrepa%, dpthav, subsilt|
cvrdpl%, dpthav

cvrdpl%, cvrepa%, cvrwdbrs%,
dpthav, rchmxhb%, subclay%,
subsilt%, subfines%, subrock%
bnkahz%, rchpool%, rchmxhb%,
subfines%, subrock%, substrmx%
dpthav, subsilt%

bnkahz%, cvrdpl%, cvrepa%,
cvrwdbrs%, dpthav, subsilt%
chshdav%, chshdsd%, cvrdpl%,
cvrepa%, dpthav, subsilt%
cvrovhg%, cvrwdbrs%, dpthcv,
embdrtg, rchmxhb%, strwdtsd,
subsilt%

cvrepa%, embdrtg, subfines%,
subrock%, substrmx%
chshdav%o, rchmxhb%

dpthcv, rchpool%, rchmxhb%,
subsilt%

bnkbare%, cvrovhg%, cvrwdbrs%
dpthev, subsilt%, subfines%,
subrock%

cvrdpl%, cvrwdbrs%, dpthav,
rchpool%, subsilt%, subfines%,
subrock%

34




StreamFish Habitat Assessment Inaliors

Appendix 1(continued).

Data
Group
Clbr
Clbr
Clbr
Clbr

Clbr
Clbr
Clbr

Clbr
Clbr
vid

vid

Clbr
Clbr
Clbr
Clbr

Clbr

Clbr
Clbr
Clbr

Clbr
Clbr

Vid
Vid
Clbr
Clbr
Clbr

Clbr
Clbr

Clbr
Clbr
vid
vid

Clbr
vid
Clbr
Clbr
Clbr
Clbr
Clbr
Clbr
Clbr
Clbr
Clbr
Clbr
Clbr
Clbr
Clbr
Clbr

Clbr

Clbr
Clbr

Clbr
Clbr
Clbr

Clbr
Clbr

Clbr
Clbr

Bio

Net

ID Stream
213 Fourmile Cr.
214 Fourmile Cr.
300 Fox Ruvr.
756 Fox Ruvr.

757 Fox Ruvr.
88 Halfway Cr.
89 Halfway Cr.

203
203
655
655
130
130
130
135

Hickory Cr.
Hickory Cr.
Holiday Cr.
Holiday Cr.
Honey Cr.
Honey Cr.
Honey Cr.
Honey Cr.
252 Horton Cr.

17 Howerdon Cr.
17 Howerdon Cr.
82 Indian Cr.

82 Indian Cr.
82 Indian Cr.

186
186
187
188
376

Indian Cr.
Indian Cr.
Indian Cr.
Indian Cr.
Indian Cr.

857
316

Jackson Cr.
Johnson Cr.

15 Jordan Cr.
15 Jordan Cr.

907 Jordan Cr.

86 KegCr.
308 KegCr.

308 KegCr.

112 Keigley Br.
83 Lick Cr.

83 LickCr.

83 LickCr.

154 Lime Cr.

154 Lime Cr.

154 Lime Cr.

154 Lime Cr.

154 Lime Cr.

154 Lime Cr.

523 Little Bear Cr.

2 Little Beaver Cr.
2  Little Beaver Cr.
Little Buffalo Cr.

171

17

N

229
229

Little Cedar Cr.
Little Cedar Cr.

45 Little Cedar Rvr.
45 Little Cedar Rvr.

20

[

Little Floyd Rvr.

240
24

Little Floyd Rvr.
Little Floyd Rvr.

iy

304 Little Floyd Rvr.

99 Little Maple Rvr.

Little Buffalo Cr.

Landmark
Ankeny WWTP
Ankeny WWTP
Bloomfield
Drakesville

West Grove
Galva WWTP
Galva WWTP

New Vienna
New Vienna
Coalville
Coalville
Bedford
Bedford
Bedford
Conesville

Horton

Winterset
Winterset
Lewis

Lewis
Lewis

Cedar Rapids
Cedar Rapids
Cedar Rapids
Cedar Rapids
Mingo

Corydon
Aplington

Macedonia
Macedonia
Millerton
Mineola

McClelland
McClelland
Gilbert
Shimek State
Shimek State
Shimek State
Lime Creek P
Lime Creek P
Lime Creek P
Lime Creek P
Lime Creek P
Lime Creek P
Brooklyn
Woodward
Woodward
Titonka - R1

Titonka - P6

Sunken Grove
Sunken Grove

Colwell Co P
Colwell Co P
Sheldon

Sheldon
Sheldon

Sheldon
Galva

County
Polk
Polk

Davis
Davis

Davis
Ida
Ida

Dubuque
Dubuque
Webster
Webster
Taylor
Taylor
Taylor
Louisa

Bremer

Madison
Madison
Cass

Cass
Cass

Linn
Linn
Linn
Linn
Jasper

Wayne
Butler

Pottawattamie
Pottawattamie
Wayne
Mills

Pottawattamie
Pottawattamie
Story
Lee
Lee
Lee
Buchanan
Buchanan
Buchanan
Buchanan
Buchanan
Buchanan
Poweshiek
Dallas
Dallas
Kossuth

Kossuth

Pocahontas
Pocahontas

Floyd
Floyd
Obrien

Obrien
Obrien

Obrien
Cherokee

Eco Sample
Region Basin Site Status  Date

47b MS  WD-SVY 9/29/1999
47b MS  WD-SVY 9/29/1999
40a MS  WD-SVY 7/25/2002
40a MS  WD-SVY 10/5/2010
40a MS  WD-SVY 10/4/2010
47a MO WD-SVY 8/7/1997
47a MO WD-SVY 8/7/1997
47c MS WD-SVY 8/11/1999
47c MS  WD-SVY 9/18/2008
47b MS HW-CREF 8/2/2007
47b MS HW-CREF- 8/19/2008
47f MO WD-REF 8/18/1998
47f MO WD-REF 8/18/2004
47f MO WD-REF 9/8/2010
72d MS WD-REF 9/2/1998
47c MS  HW-SVY 7/24/2001
47f MS WD-REF 7/12/2001
47f MS WD-REF 7/16/2009
47e MO WD-CREFF10/15/1996
47e MO WD-CREF 7/23/2002
47e MO WD-CREF 9/22/2011
47c MS  WD-SVY 9/18/2000
47c MS WD-SVY 8/28/2012
47c MS  WD-SVY 9/19/2000
47c MS  HW-SVY 9/25/2000
47b MS  WD-SVY 9/30/2003
40a MO WD-SVY 9/14/2011
47c MS  HW-SVY 9/11/2002
47e MO WD-REF 8/1/2001
47e MO WD-REF 7/27/2009
40a MO WD-SVY 9/12/2012
47e MO WD-RJCT 8/15/2012
47e MO WD-SVY 9/4/2002
47e MO WD-SVY 8/13/2012
47b MS  WD-SVY 9/29/1997
40a MS WD-REF 7/16/1997
40a MS WD-REF 7/14/2003
40a MS WD-REF 9/10/2010
47c MS WD-REF 8/23/1995
47c MS WD-REF 8/7/1996
47c MS WD-REF 8/26/1997
47c MS WD-REF 8/9/2000
47c MS WD-REF 9/4/2007
47c MS WD-REF 8/21/2008
47f MS  WD-SVY 8/24/2010
47b MS  WD-REF 7/26/2000
47b MS  WD-REF 7/24/2007
47b MS  WD-SVY 8/22/2000
47b MS  WD-SVY 8/21/2000
47b MS  WD-SVY 9/20/2001
47b MS  WD-SVY 9/28/2006
47c MS WD-REF 10/3/1995
47c MS  WD-REF 9/9/2009
47a MO WD-SVY 9/14/1999
47a MO WD-SVY 9/12/2001
47a MO WD-SVY 9/11/2001
47a MO WD-SVY 8/22/2002
47a MO WD-SVY 8/20/1997

GFHI
47
45
42
35

38
43
35

61
50
40
51
34
24
22
42

39

52
53
42

51
35

63
67
58
47
33

30
42

24

22

30

36

33
39
41
57
55
59
63
61
63
60
62
58
34
38
42
28

34

52
38

55
58
33

39
35

a1
40

GFHI
Hab.

Fair
Fair
Fair
Fair

Fair
Fair
Fair

Good
Fair
Fair

Good
Fair

Poor

Poor
Fair

Fair

Good
Good
Fair

Good
Fair

Good

Good

Good
Fair
Fair

Fair
Fair

Poor

Poor

Fair

Fair

Fair
Fair
Fair
Good
Good
Good
Good
Good
Good
Good
Good
Good
Fair
Fair
Fair
Fair

Fair

Good
Fair

Good
Good
Fair

Fair
Fair

Fair
Fair

FIBI
37
30
22
30

24
32
32

37
42
41
41
46
29
40
50

61

33
47
21

34
26

66
69
36
a4
30

31
54

23

25

24

30

39
51
20
63
84
71
75
7
78
69
35
33
52
27

24

53
57

80
28

38
41

33
38

EFHI
a4
42
35
33

35
39
36

69
61
a4
52
31
31
27
43

50

44
49
34

41
31

69
74
67
55
37

30
48

22

18

24

27

26
28
41
48
48
49
69
68
69
67
69
64
35
38
44
27

35

46
29

66
62
32

35
36

38
38

FIBI -
EFHI Suboptimal Habitat Metrics
-7  embdrtg
-12  embdrtg
-subfines%, subrock%
-3 bnkbare%, rchmxhb%, subfines%
subrock%, substrmx%
-11  subfines%, subrock%
-7  subfines%, subrock%
-4 rchpool%, rchmxhb%, subfines%,

subrock%

cvrepa%
-3 cvrwdbrs%, strwdtav
-11  cvrwdbrs%

15  rchpool%, subsilt%

-2 strwdtav, strwdtsd, subclay%

13  bnkbare%, cvrepa%, subclay%
7 bnkahz%, bnkamd%, bnkbare%,

subrock%

11 chshdav%, embdrtg, maxdep,
thwgdpav

-11 chshdav%, chshdsd%

-2

embdrtg, rchpool%, rchmxhb%,
subfines%

-7 subfines%
-5 cvrepa%, cvrwdbrs%, dpthcv,
embdrtg, rchpool%, rchmxhb%
-3
)
-11  embdrtg
-7 rchpool%, rchmxhb%, subfines%,
subrock%, substrmx%
1 subfines%, subrock%, substrmx¥|
6 bnkavr%, embdrtg, strwdtav,
strwdtsd
1 rchmxhb%, subclay%, subsilt%,
subfines%, subrock%
7 strwdtsd, subclay%, subfines%,
subrock%
0 cvrepa%, rchpool%, rchmxhb%,

strwdtav, subrock%, thwgdpav

dpthcv, rchmxhb%, subfines%,
subrock%

4 subfines%, subrock%
-rchmxhb%

-2  maxdep

3 bnkahz%
-cvrepa%

14

15

3

6

10

9

5

0  rchmxhb%, subfines%, subrock%

-5  chshdav%, embdrtg

8  cvrwdbrs%

0 chshdav%, dpthcv, maxdep,
rchpool%, rchmxhb%, strwdtsd,
subfines%, subrock%, substrmx%

-11 chshdav%, chshdsd%, subfines%
subrock%
bnkavr%

bnkahz%, bnkavr%, bnkbare%,
cvrdpl%, cvrepa%, cvrwdbrs%,
dpthav, dpthcv, rchpool%,
rchmxhb%, strwdtsd, subsilt%

-4  chshdav%, strwdtsd, subsilt%,
subfines%, subrock%

3  strwdtav

5 chshdav%, maxdep, strwdtsd,
subsilt%, subfines%

-5  bnkahz%, bnkbare%

0 embdrtg

35



StreamFish Habitat Assessment Inaliors

Appendix 1(continued).

Data
Group
Clbr
Clbr
Clbr
Clbr

Clbr
Clbr

Clbr

Clbr
Clbr

Clbr

Clbr
Clbr
Clbr
Clbr
Clbr
Clbr
Clbr

Clbr
Clbr
Clbr
Clbr
Clbr
Clbr
Clbr
Clbr
Clbr
Clbr

Clbr

Clbr
Clbr
Clbr

Clbr
Clbr

Clbr
Clbr
Clbr
Clbr
Clbr
Clbr
vid

vid

Clbr
Clbr
Clbr
Clbr
Clbr
Clbr

Clbr
Clbr
vid
Clbr
Clbr
Clbr

Clbr
Clbr
Clbr
Clbr

Bio
Net
ID
40
40
40
64

64
64

329

62
62

62

63
63
63
108
108
335
50

50
66
66
66
37
37
37
42
42
115

115

116
116
691

137
137

60

60

60
319
551
551
552

552

22
22
22

96
97

98
102
323
537
312
312

553
20
20

332

Stream

Little Maquoketa R.
Little Maquoketa R.
Little Maquoketa R.
Little Rock Rvr.

Little Rock Rvr.
Little Rock Rvr.

Little Rvr.

Little Sioux Rvr.
Little Sioux Rvr.

Little Sioux Rvr.

Little Sioux Rvr.
Little Sioux Rvr.
Little Sioux Rvr.
Little Turkey Rvr.
Little Turkey Rvr.
Little Turkey Rvr.
Little Waterman Cr.

Little Waterman Cr.
Lizard Cr.

Lizard Cr.

Lizard Cr.

Long Cr.

Long Cr.

Long Cr.

Long Cr.

Long Cr.

Long Dick Cr.

Long Dick Cr.

Long Dick Cr.
Long Dick Cr.
Long Dick Cr.

LostCr.
LostCr.

Lotts Cr.
Lotts Cr.
Lotts Cr.
Lotts Cr.
Lyons Cr.
Lyons Cr.
Lyons Cr.

Lyons Cr.

Lytle Cr.
Lytle Cr.
Lytle Cr.
Maple Cr.
Maple Rvr.
Maple Rvr.

Maple Rvr.
Maple Rvr.
Magquoketa Rvr.
Magquoketa Rvr.
Marrowbone Cr.
Marrowbone Cr.

Marrowbone Cr.
Maynes Cr.
Maynes Cr.
Middle Avery Cr.

Landmark
Twin Springs
Twin Springs
Twin Springs
Little Rock

Little Rock
Little Rock

Leon

Lake Park- D
Lake Park- D

Lake Park- D

Horseshoe Be
Horseshoe Be
Horseshoe Be
Gouldsburg C
Gouldsburg C
Protivin
Waterman Cre

Waterman Cre
Clare

Clare

Clare

Decatur SWA-
Decatur SWA-
Decatur SWA-
Columbus Jun
Columbus Jun
Roland

Roland

Roland
Roland
Ellsworth

Princeton
Princeton

Ringgold SWM
Ringgold SWM
Ringgold SWM
West Bend
Webster City
Webster City
Webster City

Webster City

Zwingle
Zwingle
Zwingle
Aurelia
Aurelia
Galva

Aurelia

Ida Grove WW
Manchester
Monticello
Lanesboro
Lanesboro

Lanesboro
Mallory Co.
Mallory Co.
Chillicothe

County
Dubuque
Dubuque
Dubuque

Lyon

Lyon
Lyon

Decatur

Dickinson
Dickinson

Dickinson

Dickinson

Dickinson

Dickinson
Fayette
Fayette
Howard
Obrien

Obrien
Webster
Webster
Webster
Decatur
Decatur
Decatur

Louisa

Louisa

Story

Story

Hamilton
Hamilton
Hamilton

Scott
Scott

Ringgold
Ringgold
Ringgold
Kossuth
Webster
Webster
Webster

Webster

Dubuque

Dubuque

Dubuque

Cherokee

Cherokee
Ida

Cherokee
Ida
Delaware
Jones
Carroll
Carroll

Carroll
Franklin
Franklin
Wapello

Eco Sample
Region Basin Site Status  Date

52b MS WD-REF 9/21/1995
52b MS WD-REF 8/28/2001
52b MS WD-REF 8/19/2008
47a MO WD-REF 9/5/1996
47a MO WD-REF 8/5/2003
47a MO WD-REF 9/28/2011
40a MS  WD-SVY 9/23/2002
470 MO WD-REF 9/3/1996
47b MO WD-REF 7/23/2003
47b MO WD-REF 9/29/2011
47b MO  WD-REF 9/4/1996
47b MO  WD-REF 7/22/2003
47b MO WD-REF 9/30/2011
47c MS WD-REF 9/10/1997
47¢ MS WD-REF 9/10/2003
47¢ MS WD-SVY 8/19/2002
47a MO WD-REF 8/27/2002
47a MO WD-REF 8/25/2008
47b MS WD-REF 9/11/1996
47b MS WD-REF 10/1/2002
47b MS WD-REF 8/22/2011
40a MO  WD-REF 9/14/1995
40a MO WD-REF 10/11/2001
40a MO WD-REF 8/30/2010
47f MS  WD-REF 9/26/1995
47f MS  WD-REF 9/9/2010
47b MS  WD-SVY 10/2/1997
47b MS  WD-SVY 9/23/2003
47b MS  WD-SVY 10/2/1997
47b MS  WD-SVY 9/24/2003
47b MS  HW-SVY 10/6/2008
47f MS WD-REF 9/10/1998
47f MS  WD-REF 8/31/2004
40a MO WD-REF 8/26/1996
40a MO WD-REF 7/18/2003
40a MO WD-REF 9/9/2010
47b MS WD-SVY 9/25/2002
47b MS HW-SVY 8/22/2006
47b MS HW-SVY 9/15/2008
47b MS HW-SVY 8/23/2006
47b MS HW-SVY 9/16/2008
47f MS WD-REF 7/27/1995
47f MS WD-REF 8/16/1999
47f MS WD-REF 7/31/2007
47a MO  WD-SVY 8/20/1997
47a MO  WD-SVY 8/20/1997
47a MO  WD-SVY 8/20/1997
47a MO WD-SVY 8/20/1997
47e MO WD-SVY 8/21/1997
47c MS  WD-SVY 9/24/2012
47c MS  WD-SVY 9/6/2005
47b MS  WD-SVY 9/12/2002
47b MS  WD-SVY 9/13/2007
47b MS  HW-SVY 9/12/2007
47b MS WD-REF 8/23/2001
47b MS WD-REF 8/18/2008
40a MS  WD-SVY 8/27/2002

GFHI
68
59
55
30

48
39

24

a7
34

a1

59
57
46
69
68
61
49

50
53
64
59
a4
a4
33
56
a7
33

35

54
52
31

36
38

46
30
32
50
36
44
37

29

67
67
59
36
38
34

40
35
57
54
49
36

55
53
62

GFHI
Hab.
Rtg.
Good
Good
Good
Fair

Fair
Fair

Poor

Fair
Fair

Fair

Good
Good
Fair
Good
Good
Good
Fair

Fair
Good
Good
Good

Fair

Fair

Fair
Good

Fair

Fair

Fair

Good
Good
Fair

Fair
Fair

Fair
Fair
Fair
Fair
Fair
Fair
Fair

Fair

Good

Good

Good
Fair
Fair
Fair

Fair
Fair
Good
Good
Fair
Fair

Good

Good

Good
Fair

FIBI
63
57
67
40

45
61

13

57
37

45

56
31
60
83
76
84
42

62
61
85
75
62
38
41
54
60
19

34

38
33
24

26
53

33
22
39
48
46
73
35

35

48
38
45
33
44
35

28
38
61
75
45
66

57
54
71
26

EFHI

70
60
65
31

a1

21

45
36

42

55
56
41
83
78
68
43

33
28

39

31
46
34
43
34

31

58
58
53
33
36
35

39
31
68
65
45
38

50
46
58
40

FIBI -
EFHI
=7
=2
2
9

4

-8

12
1

3

0

-2
16
-1

9

18
||
A
8
6
13

-3

-10

-8

13

-6
-10
8
2
12

1

4

7
8
13

Suboptimal Habitat Metrics
dpthav

bnkahz%, chshdav%, maxdep,
rchpool%, rchmxhb%, subfines%,
subrock%, substrmx%

cvrovhg%

bnkbare%, cvrwdbrs%, rchpool%,|
rchmxhb%

maxdep, rchpool%, rchmxhb%,
strwdtav, subfines%, subrock%,
substrmx%, thwgdpav

subsilt%, subfines%

bnkahz%, bnkamd%, chshdav%o,
cvrepa%, cvrwdbrs%, subsilt%,
subrock%

bnkahz%, chshdav%, cvrepa%,
cvrwdbrs%

cvrdpl%, dpthav
bnkamd%

bnkbare%, chshdav%, chshdsd%
strwdtav, strwdtsd

cvrovhg%, embdrtg, strwdtav
dpthev

bnkahz%
embdrtg
bnkahz%, bnkbare%, cvrepa%

dpthcv, rchpool%, rchmxhb%
bnkamd%, strwdtav, subfines%,
subrock%, thwgdpav

chshdav%, cvrepa%, maxdep,
rchmxhb%, strwdtav, subsilt%
chshdav%

chshdav%, chshdsd%, cvrovhg%
chshdav%, cvrepa%, cvrwdbrs%,
maxdep, strwdtav, strwdtsd,
subsilt%

subfines%, subrock%

rchpool%, rchmxhb%, subsilt%,
subfines%, subrock%

cvrwdbrs%, embdrtg, subclay%
embdrtg, subfines%, subrock%
chshdav%, chshdsd%

chshdav%, chshdsd%, strwdtav

cvrwdbrs%, embdrtg, strwdtav,
subsilt%, subfines%

chshdav%, chshdsd%, cvrepa%,
cvrwdbrs%, strwdtav, strwdtsd,
subsilt%

bnkahz%

chshdav%, strwdtsd

chshdav%

chshdav%, chshdsd%, maxdep,
rchpool%, rchmxhb%

maxdep, strwdtsd

rchpool%, rchmxhb%, substrmx%|

bnkbare%, rchpool%, rchmxhb%
cvrepa%, cvrwdbrs%, rchpool%,
rchmxhb%

bnkavr%

36



StreamFish Habitat Assessment Inaliors

Appendix 1(continued).

Data
Group
Clbr
Clbr

Clbr
Clbr
Clbr
vid

Clbr
Clbr

Clbr
Vid

Vid
Vid
Clbr
Clbr
Clbr
Clbr
vid
Vvid

Clbr
Vid
Clbr

Clbr
Clbr

Clbr
Clbr

Clbr

Clbr
Clbr
Clbr
Clbr

Clbr

Clbr
Clbr

Clbr
Clbr

Vid

Clbr
Clbr
Clbr
Clbr
Clbr
Clbr
Clbr
Clbr
Clbr
Clbr
Clbr
Vid

Vid

Clbr
Clbr

Clbr

Vid
vid

Clbr
Clbr

Clbr

Bio
Net
1D
864
865

151
850
138
138
292
243

244
142

142
142
199
51
51
51
166
166

167
167
168
169

309

196

197

197
67
68
70
71

384
385

386

779

® ™o o

264
202
261
262
262
263
143
143
78
78

78

233

234

235

236

Stream
Middle Frk. Grand R

Middle Nodaway R.
Middle Raccoon R.
Middle Rvr.
Middle Rvr.
Middle Rvr.
Milford Cr.

Milford Cr.
Mill Cr.

Mill Cr.

Mill Cr.
Miller Cr.
Mosquito Cr.
Mosquito Cr.
Mosquito Cr.
Mosquito Cr.
Mosquito Cr.

Mosquito Cr.
Mosquito Cr.
Mosquito Cr.

Mosquito Cr.
Mosquito Cr.

Muchakinock Cr.
Muchakinock Cr.

Muchakinock Cr.

Muchakinock Cr.
Mud Cr.
Mud Cr.
Mud Cr.

Mud Cr.

Mud Cr.
Mud Cr.

Mud Cr.
Mud Cr.

. Br. No. Rvr.

. Br. North Rvr.
. Br. North Rvr.
. Br. North Rvr.
. Br. North Rvr.
. Br. North Rvr.
. Br. Volga Rvr.

. Raccoon Rvr.
. Raccoon Rvr.
. Skunk Rvr.

. Skunk Rvr.

No. Skunk Rvr.
No.
No.

Skunk Rvr.
Skunk Rvr.
No. Skunk Rvr.
No. Skunk Rvr.

No. Skunk Rvr.

. Frk. Maquok. R.
. Frk. Maquok. R.
. Frk. Maquok. R.
. Frk. Maquok. R.
. Frk. Maquok. R.

Landmark

. Mount Ayr
Middle Frk. Grand R.

Mount Ayr

Bridgewater
Coon Rapids-
Pammel State
Pammel State
Indianola
Milford

Milford
Larrabee

Larrabee
Larrabee
Washburn
Panora
Panora
Panora
Manawa
Manawa

Council Bluf
Council Bluf
Underwood

Persia
Panama

Hull State G
Hull State G

Eddyville

Eddyville
Wilton - Nor
Wilton - Nor
Durant WWTP

Durant WWTP

Wilton
Wilton

Wilton
Brandon

Goeldner Woo
Goeldner Woo
Goeldner Woo
Goeldner Woo
Goeldner Woo
Goeldner Woo
Randalia

New Wine Par
New Vienna
Dyersville
Dyersville
New Vienna
Raccoon Rive
Raccoon Rive
Rose Hill
Rose Hill

Rose Hill

Millgrove Co
Millgrove Co

Kellogg City
Newton

Sully

County
Ringgold
Ringgold

Adair
Guthrie
Madison
Madison
Warren
Dickinson

Dickinson
Cherokee

Cherokee
Cherokee
Black Hawk
Dallas
Dallas
Dallas
Pottawattamie
Pottawattamie

Pottawattamie
Pottawattamie
Pottawattamie

Harrison
Shelby

Mahaska
Mahaska

Mahaska

Mahaska
Muscatine
Muscatine
Muscatine

Muscatine

Muscatine
Muscatine

Muscatine
Buchanan

Madison
Madison
Madison
Madison
Madison
Madison
Fayette
Dubuque
Dubuque
Dubuque
Dubuque
Dubuque
Sac
Sac
Mahaska
Mahaska

Mahaska

Poweshiek
Poweshiek

Jasper
Jasper

Jasper

Eco Sample
Region Basin Site Status  Date

40a MO WD-SVY 8/24/2011
40a MO WD-SVY 8/24/2011
47f MO WD-CREF10/12/2004
47e MS WD-SVY 10/6/2011
47f MS WD-REF 9/16/1998
47f MS WD-REF 7/16/2012
47f MS  WD-SVY 7/17/2002
47b MO  WD-SVY 9/6/2001
47b MO  WD-SVY 9/6/2001
47a MO WD-REF 10/7/1998
47a MO WD-REF 10/12/2005
47a MO WD-REF 9/18/2012
47c MS  WD-SVY 10/12/1999
47b MS WD-REF 7/15/1996
47b MS WD-REF 8/8/2002
47b MS WD-REF 9/18/2009
47e MO  WD-SVY 10/10/2000
47e MO  WD-SVY 9/24/2012
47e MO WD-SVY 10/9/2000
47e MO WD-SVY 8/14/2012
47e MO WD-SVY 10/11/2000
47e MO  WD-SVY 10/12/2000
47e MO  WD-SVY 9/5/2002
47f MS  WD-SVY 8/30/2000
47f MS WD-SVY 10/5/2011
47f MS  WD-SVY 8/31/2000
47f MS WD-SVY 9/2/2011
47f MS  WD-SVY 9/16/1996
47f MS WD-SVY 9/16/1996
47f MS  WD-SVY 9/17/1996
47f MS  WD-SVY 9/17/1996
47f MS WD-SVY 9/16/2003
47f MS  WD-SVY 9/17/2003
47f MS  WD-SVY 9/16/2003
47c MS HW-CREF 9/29/2011
47f MS  WD-REF 7/18/2012
47f MS WD-REF 8/25/1995
47f MS  WD-REF 8/21/1996
47f MS WD-REF 7/28/1997
47f MS WD-REF 7/27/2000
47f MS WD-REF 8/21/2007
47c MS WD-SVY 9/18/2001
47c MS  WD-SVY 8/10/1999
47c MS WD-SVY 8/21/2001
47c MS  WD-SVY 8/20/2001
47c MS  WD-SVY 7/27/2005
47c MS  WD-SVY 7/28/2005
47b MS WD-REF 10/8/1998
47b MS  WD-REF 9/30/2004
47f MS WD-REF 10/7/1996
A47f MS WD-REF 8/14/2002
47f MS WD-REF 8/22/2011
47f MS WD-SVY 8/6/2001
47f MS  WD-SVY 7/26/2012
47f MS  WD-SVY 8/8/2001
47f MS  WD-SVY 8/9/2001
47f MS  WD-SVY 8/7/2001

GFHI
34
23

33
48
55
50
40
41

55
40

53
59
43
48
46
49
34
26

52
50
23

24

33

39
31

18

34
35
36
24

16

33
34

36

38

56
50
49
53
49
56
47
53
45
51
57
53
47
57
32
35

35

37
39

34

32

35

GFHI
Hab.

Fair
Poor

Fair
Fair
Good
Fair
Fair
Fair

Good
Fair

Good
Good
Fair
Fair
Fair
Fair
Fair
Fair

Good
Fair
Poor

Poor

Fair

Fair
Fair

Poor

Fair
Fair
Fair
Poor

Poor

Fair
Fair

Fair

Fair

Good
Fair
Fair

Good
Fair

Good
Fair

Good
Fair

Good

Good

Good
Fair

Good
Fair
Fair

Fair

Fair
Fair

Fair

Fair

Fair

FIBI
15
10

11
18
38
40
21
39

50
43

35
44
51
27
29
28
30
27

25

16

19

11

14

38
37
36
15

12

25
27

40

56

32
35
34
47
31
47
68
27
26
29
37
36
55
56
35
12

15
14

19

16

17

EFHI
35
26

33
39
53
45
40
43

54
40

50
51
53
43
39
45
29
24

43
36
19

18

23

38
29

20

34
33
33
26

22

29
27

33

51

47
a4
43
52
41
49
55
62
55
57
59
57
a7
53
32
31

29

35
36

33

31

33

FIBI -

EFHI Suboptimal Habitat Metrics
cvrwdbrs%, embdrtg

cvrepa%, maxdep, rchpool%,
rchmxhb%, subfines%, subrock%
substrmx%, thwgdpav
cvrwdbrs%, subfines%, subrock%j
cvrepa%, embdrtg

bnkahz%, chshdav%

-subflnes% subrock%, substrmx%j
chshdav%o, chshdsd%, maxdep,
rchpool%, rchmxhb%

-4  chshdav%, chshdsd%
3 embdrtg, rchmxhb%, subfines%,
subrock%
-embdng, rchmxhb%
-7
-2 subrock%
B brikahz%, brkavro, chshdavos

-10 rchpool%, rchmxhb%
I chshdave
1 subclay%
3 dpthev, rchpool%, rchmxhb%,
subrock%

maxdep
cvrwdbrs%, embdrtg

-3 dpthev, subclay%, subsilt%,
subfines%, subrock%

1 dpthav, dpthcv, strwdtsd, subclay?)

subfines%, subrock%

dpthcv, maxdep, subfines%,

subrock%

-12

cvrepa%, subsilt%, subfines%,
subrock%, substrmx%
-6 dpthav, rchpool%, rchmxhb%,
strwdtsd, subclay%, subsilt%
subclay%
4 subfines%, subrock%
g subfines%, subrock%
-11 chshdsd%, strwdtav, strwdtsd,
subsilt%
strwdtav, strwdtsd, subclay%,
subsilt%, subfines%, subrock%
-4 subsilt%, subfines%, subrock%
0  cvrwdbrs%, dpthav, rchpool%,
rchmxhb%, subsilt%, subrock%

IS

-10

7 rchpool%, rchmxhb%, subfines%,
subrock%, substrmx%

5 maxdep, subfines%, subrock%,
thwgdpav

-9

-9

-5

-10

-2

subfines%

chshdav%, chshdsd%, embdrtg
subsilt%

embdrtg, subsilt%
8  embdrtg

bnkbare%, subfines%, subrock%
bnkbare%, dpthav, subsilt%,
subfines%, subrock%

bnkbare%, cvrdpl%, dpthav,
subsilt%, subfines%, subrock%
bnkbare%, subfines%, subrock%
bnkahz%, cvrwdbrs%, subfines% |
subrock%

rchpool%, rchmxhb%, subfines%,
subrock%, substrmx%

dpthev, rchpool%, rchmxhb%,
subfines%, subrock%, substrmx%
rchpool%, rchmxhb%, subfines%,
subrock%, substrmx%
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StreamFish Habitat Assessment Inaliors

Appendix 1(continued).

Data
Group
Clbr
Clbr
Clbr
Clbr
Clbr
Clbr
Clbr

Clbr
Clbr
Clbr

Clbr
Clbr

Clbr
Clbr
Clbr
Clbr
Clbr
Clbr
Clbr
Clbr
Clbr

Clbr
Clbr

vid
vid
vid
Clbr
Clbr
Clbr
Clbr
Clbr
Clbr
Clbr
Clbr
Clbr
Clbr
Clbr

Vvid
Vvid
vid

Vvid
Clbr
Clor

Clbr
Clbr
Clbr
Clbr
Clbr
Clbr

Clbr
Clbr
Clbr
vid
Clbr
Clbr
Clbr
Clbr
Clbr
Clbr
Clbr
Clbr

Bio
Net
ID
216
216
554
554
554
554
354

94
95
374

650
650
650
129
129
191
192
13
13

13
564

104
104
104
320
320
91
91
106
106
106
59
59
59
227

250
250
250

250
185
36

36
36
177
178
179
179

310
310
310
310
27
27
27
57
57
57
218
218

Stream

Nutting Cr.
Nutting Cr.
Nutting Cr.
Nutting Cr.
Nutting Cr.
Nutting Cr.
Ocheyedan Rvr.

Odebolt Cr.
Odebolt Cr.
Odebolt Cr.

Old Mans Cr.
Old Mans Cr.

Onion Cr.
Onion Cr.
Onion Cr.
Otter Cr.
Otter Cr.
Otter Cr.
Otter Cr.
Paint Cr.
Paint Cr.

Paint Cr.
Pike Run

Pine Cr.
Pine Cr.
Pine Cr.
Pleasant Cr.
Pleasant Cr.
Plum Cr.
Plum Cr.
Plum Cr.
Plum Cr.
Plum Cr.
Prairie Cr.
Prairie Cr.
Prairie Cr.
Prairie Cr.

Prairie Cr.
Prairie Cr.
Prairie Cr.

Prairie Cr.
Pratt Cr.
Richland Cr.

Richland Cr.
Richland Cr.
Roberts Cr.
Roberts Cr.
Roberts Cr.
Roberts Cr.

Roberts Cr.
Roberts Cr.
Roberts Cr.
Roberts Cr.
Rock Cr.
Rock Cr.
Rock Cr.
Rock Cr.
Rock Cr.
Rock Cr.
Shoal Cr.
Shoal Cr.

Landmark
Ossian
Ossian
Clermont
Clermont
Clermont
Clermont
Spencer

American Leg
Ida Grove
Odebolt

Williamstown
Williamstown

Ames

Ames

Ames

Deloit

Deloit
Holmes
Otter Creek
Yellow River
Yellow River

Yellow River
420th

Quasqueton
Quasqueton
Quasqueton
Springbrook
Springbrook
Algona
Algona
Hopkinton
Hopkinton
Hopkinton
Dolliver Sta
Dolliver Sta
Dolliver Sta
Whittemore

Maquoketa
Maquoketa
Maquoketa

Maquoketa
Mt Auburn
Haven

Haven
Haven

St Olaf
Farmersburg
Postville
Postville

Gunder
Gunder
Gunder
Gunder
Tipton
Tipton
Tipton
Rock Creek
Rock Creek
Rock Creek
Exline
Exline

County
Fayette
Fayette
Fayette
Fayette
Fayette
Fayette
Clay

Ida
Ida
Sac

Johnson
Johnson

Story
Story
Story
Crawford
Crawford
Wright
Wright
Allamakee
Allamakee

Allamakee
Winnebago

Buchanan
Buchanan
Buchanan
Jackson
Jackson
Kossuth
Kossuth
Delaware
Delaware
Delaware
Webster
Webster
Webster
Palo Alto

Jackson
Jackson
Jackson

Jackson
Benton
Tama

Tama
Tama
Clayton
Clayton
Clayton
Clayton

Clayton
Clayton
Clayton
Clayton
Cedar
Cedar
Cedar
Mitchell
Mitchell
Mitchell

Appanoose
Appanoose

Eco Sample
Region Basin Site Status  Date

52b MS  WD-SVY 9/1/1999
52b MS  WD-SVY 7/27/2006
52b MS  WD-SVY 7/26/2006
52b MS  WD-SVY 10/6/2008
52b MS  WD-SVY 9/21/2009
52b MS  WD-SVY 9/13/2010
47a MO WD-SVY 7/24/2003
47e MO WD-SVY 8/19/1997
47e MO WD-SVY 8/19/1997
47e MO HW-SVY 10/15/2003
47f MS WD-CREF 9/7/2000
47f MS WD-CREFF10/11/2010
47b MS HW-CREF 7/25/2007
47b MS HW-CREF 9/20/2007
47b MS HW-CREF 8/22/2008
47e MO WD-REF 8/11/2004
47e MO  WD-REF 10/11/2010
47b MS  WD-SVY 8/31/2000
47b MS  WD-SVY 8/10/2000
52b MS  WD-REF 8/13/2007
52b MS WD-REF 8/13/2010
52b MS WD-REF 8/10/2011
47b MS  WD-SVY 9/19/2006
47c MS WD-REF 8/28/1997
47c MS WD-REF 8/11/2003
47c MS WD-REF 8/9/2011
52b MS  WD-SVY 9/12/2002
52b MS  WD-SVY 9/24/2002
47b MS WD-REF 8/12/1997
47b MS WD-REF 8/24/2005
47c MS  WD-REF 9/4/1997
47c MS  WD-REF 9/2/2003
47c MS WD-REF 8/29/2011
47b MS WD-REF 8/22/1996
47b MS  WD-REF 9/3/2002
47b MS WD-REF 8/2/2011
47b MS  WD-SVY 10/2/2001
47f MS WD-SVY 8/14/2001
47f MS WD-SVY 10/1/2008
47f MS WD-SVY 8/26/2009
47f MS WD-SVY 9/8/2010
47¢ MS WD-SVY 9/5/2000
47f MS WD-REF 9/8/1995
47f MS WD-REF 9/22/1999
47f MS WD-REF 10/6/2010
52b MS  WD-SVY 7/31/2000
52b MS  WD-SVY 7/31/2000
52b MS  WD-SVY 8/1/2000
52b MS  WD-SVY 8/13/2008
52b MS  WD-SVY 7/31/2002
52b MS WD-SVY 8/11/2008
52b MS  WD-SVY 8/12/2009
52b MS  WD-SVY 8/8/2012
47f MS WD-REF 8/9/1995
47f MS  WD-REF 7/30/2001
47f MS  WD-REF 8/20/2008
47c MS WD-REF 8/15/1996
47c MS WD-REF 8/21/2002
47c MS WD-REF 9/10/2009
40a MO WD-REF 8/23/1999
40a MO WD-REF 10/3/2006

GFHI
55
51
56
54
57
56
36

43
52
31

33
34

40
39
45
40
43
40
53
54
49

53
32

58
55
62
43
57
39
45
49
58
48
61
51
62
37

51
49
40

44
44
34

40
38
59
34
54
43

39
47
43
40
65
64
51
66
55
58
40

GFHI
Hab.
Rtg.
Good
Good
Good
Good
Good
Good
Fair

Fair
Good
Fair

Fair
Fair

Fair
Fair
Fair
Fair
Fair
Fair
Good
Good
Fair

Good
Fair

Good
Good
Good
Fair
Good
Fair
Fair
Fair
Good
Fair
Good
Good
Good
Fair

Good
Fair
Fair

Fair
Fair
Fair

Fair
Fair
Good
Fair
Good
Fair

Fair
Fair
Fair
Fair
Good
Good
Good
Good
Good
Good
Fair
Fair

FIBI
49
68
50
55
66
65
28

42
34
32

27
24

40
50
45
47
37
49
45
51
63

59
24

76
69
67
69
66
31
49
57
62
65
67
55
57
33

69
65
78

63
54
42

55
41
55
39
51
52

48
43
55
45
71
71
61
54
72
76
58
51

EFHI
56
51
58
58
63
61
37

35
40
22

31
31

43
40
46
32
32
39
44
59
55

56
37

68
63
72
51
61
37
39
60
65
59
57
51
56
39

48
42
37

42
55
33

36
33
64
47
58
55

45
47
47
49
58
54
45
73
67
68
34
32

FIBI -
EFHI
=7
17

Suboptimal Habitat Metrics
bnkavr%

cvrepa%, subsilt%

bnkbare%, cvrepa%

cvrepa%, cvrwdbrs%

bnkbare%, cvrepa%

bnkbare%, cvrepa%, cvrwdbrs%
cvrovhg%, cvrwdbrs%, rchpool%,
rchmxhb%, subfines%, subrock%
substrmx%

rchpool%

cvrovhg%, cvrwdbrs%, maxdep,
rchpool%, rchmxhb%, strwdtav,
strwdtsd, subsilt%, subfines%,
subrock%

subfines%, subrock%

cvrdpl%, dpthav, subfines%,
subrock%

chshdav%

chshdav%

chshdav%

cvrepa%, rchpool%

embdrtg, subfines%

maxdep, subfines%

cvrovhg%

cvrdpl%, cvrovhg%, cvrwdbrs%,
dpthav

cvrepa%

cvrovhg%, dpthcv, embdrtg,
maxdep, rchpool%, rchmxhb%,
strwdtsd, subsilt%, subfines%,
subrock%

subsilt%
cvrwdbrs%

embdrtg

rchpool%, rchmxhb%, subsilt%
cvrwdbrs%, subsilt%
rchmxhb%

rchmxhb%
chshdav%, chshdsd%

chshdav%, chshdsd%, dpthcv,
maxdep, strwdtav, strwdtsd,
subfines%, subrock%, substrmx%

subsilt%
bnkahz%, dpthav, dpthcv, subroch

cvrdpl%, dpthav

rchmxhb%, subfines%, subrock%
maxdep, rchpool%, rchmxhb%,
subfines%, subrock%, substrmx%

-subsill%, subfines%, subrock%

subfines%, subrock%

dpthcv

bnkavr%, subclay%

dpthav, subsilt%

chshdav%, cvrepa%, cvrwdbrs%,
dpthav

embdrtg, subsilt%

bnkavr%, dpthav

cvrepa%, subsilt%

cvrovhg%, maxdep, subsilt%

cvrepa%

subfines%
bnkahz%, cvrepa%, strwdtav,
subsilt%, subfines%, subrock%
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StreamFish Habitat Assessment Inaliors

Appendix 1(continued).

Data
Group
Clbr
Clbr
Clbr

Clbr
Clbr

vid

Clbr
Clbr

Clbr
Clbr
Clbr

Clbr
vid

Clbr
Clbr
Clbr
Vid

Clbr
Clbr
Clbr
Clbr
Clbr
vid

Clbr
Clbr
Clbr

Clbr
Clbr
Clbr
Clbr

Clbr

Clbr
Clbr
Clbr

Clbr
Clbr

Clbr
Clbr
Clbr
Clbr

Clbr
Clbr
Clbr
Clbr
Clbr

Clbr
Clbr
Clbr
Clbr
Clbr
Clbr
Clbr
Clbr
Clbr
Clbr
Clbr
Clbr
Clbr
Clbr
Clbr

Bio
Net
ID
125
125
180

238
314

571

175

176

152
54
54

54
906

21
21
21
21
380
652
652
181
181
181
38
38
113

117
118
122
43

43

79
79
79

299
183

162

193

290
69

72
73
76
76
77

253
254
231
231
231
231
231
266
266
211
549
549
330
39
39

Stream

Silver Cr.
Silver Cr.
Silver Cr.

Silver Cr.

Silver Cr.

Silver Cr.

Sixmile Cr.
Sixmile Cr.
Skillet Cr.

So. Beaver Cr.

So. Beaver Cr.

So. Beaver Cr.
So. Frk. Chariton R.

ol

So. Frk.
So. Frk.
So. Frk.

lowa Ruvr.
lowa Ruvr.
lowa Rvr.
So. Frk. lowa Rvr.
So. Frk. lowa Rvr.
So. Minerva Cr.
So. Minerva Cr.
So. Raccoon Rvr.
So. Raccoon Ruvr.
So. Raccoon Ruvr.
So. Skunk Rvr.
So. Skunk Rvr.
So. Skunk Rvr.

So. Skunk Rvr.
So. Skunk Rvr.
So. Skunk Rvr.
So. White Breast Cr.

So. White Breast Cr.

Soap Cr.
Soap Cr.
Soap Cr.

Soap Cr.
Soldier Rvr.

Squaw Cr.
Squaw Cr.
Squaw Cr.
Sugar Cr.

Sugar Cr.
Sugar Cr.
Sugar Cr.
Sugar Cr.
Sugar Cr.

Sugar Cr.

Sugar Cr.

Tetes Des Morts Cr.
Tetes Des Morts Cr.
Tetes Des Morts Cr.
Tetes Des Morts Cr.
Tetes Des Morts Cr.
Thompson Rvr.
Thompson Rvr.
Tipton Cr.

Unn. Trib. Yellow R.
Unn. Trib. Yellow R.
Upper lowa Rvr.
Volga Rvr.

Volga Rvr.

Landmark
Dewitt
Dewitt
Gunder

Monticello
Cherokee

Monona

Hawarden- Cl
Hawarden- Ch

Dayton WWTP
Parkersburg
Parkersburg

Parkersburg
Corydon

Logsdon Co P
Logsdon Co P
Logsdon Co P
Logsdon Co P
Buckeye
Clemons
Clemons
Nations Brid
Nations Brid
Nations Brid
Ames

Ames

Ames - Squaw

Ames - Linco
Randall
Story City
Weldon

Weldon

Eldon SWMA -
Eldon SWMA -
Eldon SWMA -

Floris
Pisgah

Ames- South
Zenorsville
Ames- Veenke
Tipton - Pas

Tipton East
Tipton East
Wilton - Bed
Wilton - Bed
Moscow

Tipton
Tipton

. St Donatus (

St Donatus (
St Donatus (

. St Donatus (

St Donatus (
Decatur City
Decatur City
Buckeye/Radc
Postville
Postville
Florencevill
Maynard - Tw
Maynard - Tw

County
Clinton
Clinton
Clayton

Jones
Cherokee

Clayton

Sioux
Sioux

Webster
Grundy
Grundy

Grundy
Wayne

Hardin
Hardin
Hardin
Hardin
Hardin
Marshall
Marshall
Guthrie
Guthrie
Guthrie
Story
Story
Story

Story
Hamilton
Story
Clarke

Clarke

Davis
Davis
Davis

Davis
Harrison

Story
Boone
Story
Cedar

Cedar
Cedar
Cedar
Cedar
Muscatine

Cedar
Cedar
Jackson
Jackson
Jackson
Jackson
Jackson
Decatur
Decatur
Hardin
Allamakee
Allamakee
Howard
Fayette
Fayette

Eco Sample
Region Basin Site Status  Date

47f MS  WD-REF 7/22/1998
47f MS  WD-REF 7/14/2004
52b MS  WD-SVY 8/2/2000
47c MS  WD-SVY 7/31/2001
47a MO WD-SVY 9/18/2002
52b MS  WD-SVY 8/7/2006
47a MO WD-SVY 8/3/2000
47a MO WD-SVY 8/2/2000
47b MS WD-SVY 8/1/2011
47c MS WD-REF 7/30/1996
47c MS WD-REF 8/13/2001
47¢c MS WD-REF 9/3/2008
40a MO WD-SVY 9/12/2012
47b MS WD-REF 7/19/1995
47b MS WD-REF 8/2/1999
47b MS WD-REF 8/1/2007
47b MS WD-REF 8/2/2012
47b MS  WD-SVY 8/19/2003
47b MS HW-CREF 8/8/2007
47b MS HW-CREF 9/27/2007
47f MS WD-REF 9/13/2000
47f MS  WD-REF 9/22/2005
47f MS  WD-REF 7/25/2012
47b MS WD-REF 9/15/1995
47b MS  WD-REF 9/16/2003
47b MS  WD-SVY 9/29/1997
47b MS  WD-SVY 10/6/1997
47b MS  WD-SVY 9/17/2003
47b MS  WD-SVY 9/18/2003
40a MS WD-CREF 9/28/1995
40a MS WD-CREF 9/29/2010
40a MS WD-REF 10/8/1996
40a MS  WD-REF 7/23/2002
40a MS WD-REF 10/4/2010
40a MS  WD-SVY 7/24/2002
47e MO  WD-SVY 9/21/2000
47b MS WD-SVY 7/13/2000
47b MS  WD-SVY 7/14/2000
47b MS WD-SVY 7/18/2002
47f MS  WD-SVY 9/17/1996
47f  MS  WD-SVY 9/18/1996
47f  MS  HW-SVY 9/18/1996
47f MS  WD-SVY 9/25/1996
47f MS WD-SVY 8/23/2001
47f MS  WD-SVY 9/25/1996
47f MS  WD-SVY 8/22/2001
47f MS  WD-SVY 8/23/2001
52b MS  WD-SVY 8/29/2001
52b MS  WD-SVY 8/27/2007
52b MS  WD-SVY 9/4/2009
52b MS  WD-SVY 9/7/2010
52b MS  WD-SVY 9/6/2011
40a MO WD-CREF10/17/2001
40a MO WD-CREF 9/23/2011
47b MS  WD-SVY 8/3/1999
52b MS  WD-SVY 7/31/2006
52b MS  WD-SVY 7/24/2007
52b MS  WD-SVY 10/1/2002
47c MS WD-REF 9/20/1995
47c MS  WD-REF 8/30/2010

GFHI
55
46
40

57
a1

37

27

29

a1
a1
34

a1
21

51
63
63
52
59
34
55
58
65
54
61
59
36

42
a4
52
17

21

52
58
38

35
39

52
54
52
37

41
33
61
51
29

38
35
66
59
54
63
56
56
40
54
66
56
65
66
62

GFHI
Hab.
Rtg.

Good
Fair
Fair

Good
Fair

Fair

Fair
Fair

Fair
Fair
Fair

Fair
Poor

Good
Good
Good
Good
Good
Fair
Good
Good
Good
Good
Good
Good
Fair

Fair
Fair
Good
Poor

Poor

Good
Good
Fair

Fair
Fair

Good

Good

Good
Fair

Fair
Fair
Good
Good
Fair

Fair

Fair
Good
Good
Good
Good
Good
Good

Fair
Good
Good
Good
Good
Good
Good

FIBI
40
a4
a1

59
a4

19

10

37
51
a4

50
28

7
73
7
67
73
34
33
66
59
53
61
54
51

49
48
a4
21

17

a1
34
51

30
39

41
43
45
32

26
38
78
70
54

30
31
58
50
65
59
70
32
43
50
63
36
90
84
76

EFHI
45
36
46

67
38

39

27

30

45
50
45

50
23

52
61
58
49
51
37
53
55
57
54
56
53
37

39
45
52
18

24

50
53
40

31
34

53
51
49
30

39
30
57
50
31

35
28
67
61
59
65
58
49
40
47
66
60
70
76
72

FIBI -

EFHI Suboptimal Habitat Metrics

-5 subrock%

8 rchpool%

-5  chshdav%, embdrtg, strwdtav,
strwdtsd, subsilt%, subfines%,
subrock%

6 chshdav%, chshdsd%, dpthcv,
strwdtav, strwdtsd

bnkahz%, bnkavr%, cvrepa%,

embdrtg, rchpool%, rchmxhb%,

subsilt%, subfines%, subrock%,

substrmx%

bnkavr%, dpthcv, embdrtg, maxde

rchpool%, rchmxhb%

dpthcv, maxdep, rchpool%,

rchmxhb%

-8  cvrepa%
1 bnkavr%, rchpool%, rchmxhb%
-1 bnkamd%, subsilt%, subfines%,
subrock%
0 cvrwdbrs%, subfines%, subrock¥%
5! bnkahz%, rchpool%, rchmxhb%,
subclay%, subfines%, subrock%
12
18
ﬁ bnkbare%, maxdep
11 subsilt%
2
-1 rchpool%
5
1 rchpool%
14  rchmxhb%, subfines%, subrock%
substrmx%
10 bnkamd%, subfines%, subrock%
3 cvrepa%, cvrwdbrs%
-8
3 bnkbare%, rchpool%, rchmxhb%,
subclay%, subfines%, subrock%
-7 bnkbare%, cvrepa%, subclay%,
subfines%, subrock%
-9
11  bnkbare%, cvrepa%, rchmxhb%,
subfines%, substrmx%
-1 bnkbare%, subfines%
5! rchpool%, rchmxhb%, subfines%,
subrock%, substrmx%
-12
-8
-4 dpthcv
2 chshdav%, chshdsd%, subsilt%,
subfines%, subrock%
8  strwdtav
bnkahz%, chshdav%, subfines%,
subrock%
-5 rchpool%, rchmxhb%, subfines%
3 bnkavr%, subsilt%
=9
-11  dpthav
6 cvrwdbrs%, dpthav
-6
12 cvrwdbrs%
3 bnkahz%, cvrepa%
3 bnkavr%
-3
- cvrovhg%, strwdtsd
8
4

39



StreamFish Habitat Assessment Inaliors

Appendix 1(continued).

Data
Group
Clbr
Clbr
Clbr

Clbr
Clbr
Clbr
Clbr
Clbr
Clbr

vid
vid
Vid
Clbr
Clbr

Clbr

Clbr
Clbr

Clbr
Clbr
Clbr

Clbr

Clbr
Clbr

Clbr
Clbr

Clbr

Clbr

Clbr

Clbr
Clbr
Clbr
Clbr

Clbr

Clbr

Clbr

Vid

Clbr
Vid

Clbr
Clbr
Clbr
Clbr
Clbr
Clbr

Clbr
Clbr

Clbr

Bio
Net
ID
265
265
46

256
33
33
33

209

209

518

367

367

131
131

270

270

882

47

80

81

200

200

200

200

210
210
210
359

359

359

701

702

703
859

11

11

24
255
255
372

87
87

327

Stream

Volga Rvr.
Volga Ruvr.

W. Br. 102 Rvr.

Br. Floyd Rvr.
Buttrick Cr.
Buttrick Cr.
Buittrick Cr.

SRS

=

Jackson Cr.
Jackson Cr.
Nishna. Rvr.

£=%g

W. Nishnabotna R.

W. Nishnabotna R.

W. Nodaway Rvr.
W. Nodaway Rvr.

W. Otter Cr.
W. Otter Cr.
W. Otter Cr.

W. Tarkio Cr.

Walnut Cr.
Walnut Cr.

Walnut Cr.
Walnut Cr.

Walnut Cr.

Walnut Cr.

Walnut Cr.

Walnut Cr.
Walnut Cr.
Walnut Cr.
Walnut Cr.

Walnut Cr.

Walnut Cr.

Walnut Cr.

Walnut Cr.

Walnut Cr.
Walnut Cr.

Wapsipinicon Rvr.
Wapsipinicon Rvr.
Waterman Cr.
Waterman Cr.
Waterman Cr.
Weldon Rvr.

White Breast Cr.
White Breast Cr.

White Breast Cr.

Frk. Cedar Rvr.
Frk. Cedar Rvr.

Frk. L. Sioux R.

Landmark
Randalia
Randalia
New Market

Hull

Spring Lake
Spring Lake
Spring Lake
Lake Considi
Lake Considi

Bronson
Corydon
Corydon
Shelby Co. U
Irwin

Irwin

Grant
Grant

Toddville
Toddville
Center Point

Shenandoah

Red Oak - Do

Red Oak- Ups

Windsor Heig
Holiday Lake

Holiday Lake

Holiday Lake

Holiday Lake

Ames
Ames
Ames
Belle Plaine

Belle Plaine

Belle Plaine

Hartwick

Malcolm

Brooklyn
Huxley

Twin Ponds P
Twin Ponds P
Whitrock Ind
Sutherland
Sutherland
Woodland

Lacona
Lacona

Woodburn

County
Fayette
Fayette
Taylor

Sioux
Greene
Greene
Greene

Butler

Butler

Woodbury
Wayne
Wayne
Shelby
Shelby

Shelby

Cass
Cass

Linn
Linn
Linn
Page

Montgomery
Montgomery

Polk
Poweshiek

Poweshiek

Poweshiek

Poweshiek

Story

Story

Story
Poweshiek

Poweshiek

Poweshiek

Poweshiek

Poweshiek

Poweshiek
Story

Chickasaw

Chickasaw
Obrien
Obrien
Obrien
Decatur

Lucas
Lucas

Lucas

Eco Sample
Region Basin Site Status  Date

47c MS WD-CREF 9/17/2001
47c MS WD-CREF 8/31/2010
47f MO WD-RJCT10/11/1995
47a MO WD-SVY 9/13/2001
47b MS WD-REF 8/31/1995
47b MS WD-REF 7/23/2001
47b MS WD-REF 9/4/2008
47c MS  WD-REF 10/11/1999
47c MS  WD-REF 10/11/2006
47m MO WD-SVY 9/17/2012
40a MS WD-SVY 9/13/2010
40a MS WD-SVY 9/15/2011
47e MO WD-REF 9/26/2011
47e MO WD-SVY 8/25/2003
47e MO WD-SVY 10/2/2003
47f MO WD-CREF 8/19/1998
47f MO WD-CREF 8/31/2004
47c MS WD-CREF10/11/2001
47c MS WD-CREF 8/19/2010
47c MS HW-CREF 8/25/2011
47e MO WD-SVY 10/12/1995
47e MO WD-SVY 10/14/1996
47e MO WD-SVY 10/14/1996
47f MS  WD-SVY 8/26/1998
47f MS  WD-SVY 9/21/1999
47f MS WD-SVY 9/16/2008
47f MS  WD-SVY 7/27/2009
47f MS WD-SVY 8/25/2010
47b MS WD-SVY 7/15/1999
47b MS WD-SVY 7/17/2007
47b MS WD-SVY 7/19/2011
47f MS WD-SVY 7/30/2003
47f MS  WD-SVY 9/4/2003
47f MS  WD-SVY 9/17/2008
47f MS  WD-SVY 7/27/2009
47f MS  HW-SVY 7/28/2009
47f MS WD-SVY 7/28/2009
47b MS WD-SVY 7/20/2011
47c MS  WD-REF 10/19/2000
47c MS  WD-REF 10/14/2010
47a MO WD-REF 8/2/1995
47a MO WD-REF 9/14/2001
47a MO WD-REF 8/26/2008
40a MS  WD-SVY 8/4/2003
40a MS WD-CREF 8/1/1997
40a MS WD-CREF 8/5/2009
40a MS  WD-SVY 9/24/2002

GFHI
58
58
24

36
49
59
66
40
41

41

38

43

36

30

30

55
36

59

52

37

13

54
38

50
24

25

28

26

48
50
40
35

36

31

30

22

39
28

52
43
51
55
52
18

48
32

19

GFHI
Hab.
Rtg.
Good
Good
Poor

Fair
Fair
Good
Good
Fair
Fair

Fair
Fair
Fair
Fair
Fair
Fair

Good
Fair

Good

Good
Fair
Poor

Good
Fair

Fair
Poor

Poor

Fair

Fair

Fair
Fair
Fair
Fair

Fair

Fair

Fair

Poor

Fair
Fair

Good
Fair
Good
Good
Good
Poor

Fair
Fair

Poor

FIBI
78
73
25

22
63
61
79
70
65

26

32

39

36

20

25

19
26

79

61

66

30

23
20

48
24

31

26

25

39
29
36
42

41

51

54

23

29
17

62
57
51
48
48
18

23
22

10

EFHI

64
62
27

31
50
56
59
52
57

40

34

33

28

20

23

46
30

65

65

48

12

38
29

43
27

26

28

27

45
51
42
32

34

32

30

21

32
31

58
52
47
47
48
24

39
29

19

FIBI -

EFHI Suboptimal Habitat Metrics

14
11
-2

-9
13
5

18
8

bnkahz%, bnkamd%, bnkbare%,
chshdav%, maxdep, rchpool%,
rchmxhb%, subfines%, subrock%
thwgdpav

chshdav%, chshdsd%
chshdav%, chshdsd%, maxdep

bnkbare%, subfines%, subrock%
cvrepa%, subfines%, subrock%,
substrmx%

cvrepa%, rchpool%, rchmxhb%,
subfines%, subrock%

-2 bnkbare%

6  subsilt%, subfines%, subrock%

8  dpthcv, embdrtg, rchpool%,
rchmxhb%, subfines%, subrock%

0 bnkavr%, cvrepa%, rchmxhb%,
subfines%, subrock%, substrmx%j

2 cvrepa%, cvrwdbrs%, subfines%,
subrock%, substrmx%

-4 bnkavr%, cvrdpl%, cvrovhg%,
dpthav, rchpool%

14

-4 dpthcv

18 chshdav%, chshdsd%, cvrepa%,
cvrwdbrs%, maxdep, strwdtav,
strwdtsd

18  strwdtav, strwdtsd, subclay%,
subsilt%, subfines%, subrock%

-embdng

-9 chshdav%, chshdsd%, dpthcv,
rchpool%, rchmxhb%

5  embdrtg, rchmxhb%

-3  maxdep, subsilt%, subfines%,
subrock%, thwgdpav

5 cvrepa%, cvrwdbrs%, dpthcv,
rchpool%, rchmxhb%, subfines%,
subrock%

-2 cvrepa%, dpthcv, rchpool%,
rchmxhb%, strwdtsd, subfines%,
subrock%, substrmx%

-2 bnkahz%, cvrepa%, dpthcv,
rchpool%, rchmxhb%, strwdtsd,
subfines%, subrock%

-6 strwdtsd

-6 strwdtsd

10 chshdav%, chshdsd%, cvrepa%,
dpthcv, rchpool%, rchmxhb%,
subfines%, subrock%, substrmx%j

7 chshdav%, cvrepa%, rchmxhb%,
subfines%, subrock%, substrmx%
cvrepa%, rchpool%, rchmxhb%,

2

(=l

&

subfines%, subrock%, substrmx%
cvrepa%, dpthcv, rchpool%,
rchmxhb%, subfines%, subrock%
substrmx%

bnkahz%, bnkavr%, cvrovhg%,
cvrwdbrs%, dpthcv, strwdtav,
strwdtsd, subclay%, subrock%
subfines%, subrock%

maxdep, rchpool%, rchmxhb%,
subfines%, subrock%

cvrdpl%, cvrwdbrs%, dpthav
chshdav%

bnkahz%, cvrepa%, cvrwdbrs%,
subclay%, subfines%, subrock%

bnkahz%, bnkbare%, subfines%,
subrock%, substrmx%
rchpool%, rchmxhb%, subclay%,
subsilt%, subfines%, subrock%

40



StreamFish Habitat Assessment Inaliors

Appendix 1(continued).

Data
Group
Clbr
Clbr
Clbr
Clbr
Clbr
vid
vid
vid
Clbr
Clbr

Clbr
Clbr
Clbr
Clbr
Clbr
Clbr

vid
vid

vid

Clbr
Clbr

Clbr
Vid

Clbr
vid
Clbr
Clbr

Clbr
Clbr

Clbr

Bio
Net
ID
1

205
205
205
30
854

[

868

30
30

30

207
207

207
207

858
658

14
15

o P

325
568

568

Stream

White Fox Cr.
White Fox Cr.
White Fox Cr.
White Fox Cr.
White Fox Cr.
Willow Cr.
Willow Cr.
Willow Cr.
Willow Cr.
Willow Cr.

Willow Cr.
Willow Cr.
Willow Cr.
Willow Cr.
Willow Cr.
Willow Cr.

Winnebago Rvr.
Winnebago Rvr.

Winnebago Rvr.

Wolf Cr.
Wolf Cr.

Wolf Cr.
Wolf Cr.

Wolf Cr.
Worrell Cr.
Yellow Rvr.

Yellow Rvr.

Yellow Rvr.
Yellow Rvr.

Yellow Rvr.

Landmark
Webster City
Webster City
Webster City
Webster City
Webster City
Quimby
Quimby
Quimby
Willow Creek
Willow Creek

Royal
Royal
Royal
Rossie
Royal
Royal

Lande Access
Lande Access

Lande Access

Chariton
Chariton

Chariton
Chariton

Millerton
Ames
Yellow River

Most Upstrea

lon
Postville

Postville

County
Hamilton
Hamilton
Hamilton
Hamilton
Hamilton
Cherokee
Cherokee
Cherokee

Worth

Worth

Clay
Clay
Clay
Clay
Clay
Clay

Winnebago
Winnebago

Winnebago

Lucas
Lucas

Lucas
Lucas

Lucas
Story
Allamakee

Winneshiek

Allamakee
Winneshiek

Winneshiek

Eco

Sample

Region Basin Site Status  Date

47b
47b
47b
47b
47b
47a
47a
47a
47b
47b

47a
47a
47a
47a
47a
47a

47b
47b

47b

40a
40a

40a
40a

40a
47b
52b
52b

52b
52b

52b

MS
MS
MS
MS
MS
MO
MO
MO
MS
MS

MS
MS
MS
MO
MO
MO

MS
MS

MS

MO
MO

MO
MO

MO
MS
MS
MS

MS
MS

MS

WD-REF 8/22/1995
WD-REF 9/10/1996
WD-REF 8/25/1997
WD-REF 8/30/2000
WD-REF 7/29/2009
WD-REF 8/3/1995
WD-REF 8/14/2001
WD-REF 8/27/2008
WD-REF 8/17/1995
WD-REF 9/28/2010

WD-SVY 9/15/1999
WD-SVY 9/14/2009
WD-SVY 9/19/2011
WD-SVY 8/26/2002
WD-SVY 9/20/2011
WD-SVY 9/20/2011

WD-REF 8/16/1995
WD-REF 9/6/2000

WD-REF 9/19/2006

WD-REF 8/24/1999
WD-REF 8/10/2005

WD-REF 8/26/2011
WD-REF 9/12/2012

WD-SVY 8/26/2011
HW-CREF 7/25/2007
WD-REF 9/14/2004
WD-SVY 8/15/2000

WD-SVY 8/29/2002
WD-SVY 8/1/2006

WD-SVY 7/25/2007

GFHI
61
58
60
55
62
57
61
49
52
52

47
54
42
43
32
36

44
44

35

28
27

53
30

27
a1
56
40

57
49

48

GFHI
Hab.

Good
Good
Good
Good
Good
Good
Good
Fair
Good
Good

Fair
Good
Fair
Fair
Fair

Fair

Fair
Fair

Fair

Fair
Fair

Good
Fair

Fair
Fair
Good

Fair

Good
Fair

Fair

FIBI
61
57
59
48
75
38
51
a4
50
53

30
a1
43
26
a7

38
27

32

33
18

34
23

24
19
65
46

54
46

48

EFHI
57
54
53
52
54
53
56
46
49
49

35
43
37

FIBI -
EFHI
4
3
6
-4

6

Suboptimal Habitat Metrics

cvrepa%, cvrwdbrs%

bnkavr%, chshdav%

bnkbare%, chshdav%, chshdsd%
cvrepa%, cvrwdbrs%, dpthcv
embdrtg, rchpool%, rchmxhb%

cvrwdbrs%

35 [IESEM bnkavros

28

32

43
41

40

25
26

43
28

27
42
66
a7

61
54

51

18
15

)

-8

chshdav%, cvrovhg%, cvrwdbrs%
strwdtav, strwdtsd, subsilt%
chshdav%, chshdsd%, cvrepa%,
cvrwdbrs%, rchpool%, subsilt%
rchpool%, rchmxhb%, subrock%
chshdav%, subsilt%, subfines%,
subrock%

bnkamd%, cvrepa%, subsilt%,
subfines%, subrock%

rchpool%, rchmxhb%, subrock%
cvrepa%, rchpool%, rchmxhb%,
subclay%

cvrepa%, rchpool%, rchmxhb%,
strwdtav

cvrepa%, rchpool%, rchmxhb%,
subclay%

cvrwdbrs%, strwdtav, strwdtsd
cvrepa%

chshdav%, chshdsd%, embdrtg,
subsilt%

bnkahz%, dpthav, embdrtg
chshdav%, chshdsd%, cvrepa%,
subsilt%

chshdav%, cvrepa%, strwdtsd,
subsilt%
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StreamFish Habitat Assessment Inaliors

Appendix 2 . Example Site Photographs and Habitat Modeling Results

a) West ButtrickCreek Spring Lake (83, 7/23/2001; GFHI59 (Good)FIBI=56Good)
EFHI61 (Good) Suboptimal Habitat Metricgnone) FIBYEFHI =5 (The observed FIBI score
is roughly equivalent to the predicted FIBI score and within expectations based on physical
habitat characteristics and ecoregign

b) North Fork Maquoketa River, New Vienna (#233), 7/28/2005; GRBHiGood) FIBI=3g§Fair)
EFHI=57Good) Suboptimal Habitat Metrics: embdrtg, subsijttABIEFHI =21 (Adverse
environmental factors besides physical habitat characteristics are very likely to contribute to
the predicted FIBI score exceeding the observed EtBe3
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